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N ACCEPTING the invitation of the 
Dean and the Faculty of Graduate 
Studies and Research at McGill Uni- 
versity to deliver the Annual Somer- 

ville Lecture I wish at the outset to express 
my keen appreciation of the honor done 
me and to extend my sincere thanks to 
the Dean and the Faculty for this oppor- 
tunity to address you. It is furthermore 
a great pleasure for me to occupy a lecture- 
ship, the present position of which is in 
large measure due to the efforts of my 
former associate at the Woods Hole Marine 
Laboratory, Dr. Arthur Willey, whose 
leadership in the early days of seaside 
work meant so much to us all. The sea- 
shore is indeed the place of all places 
where the study of animal life can best be 
carried on and much of what I shall have 
to say to you this evening represents work 
done at the Woods Hole station where 
Dr. Willey, Dr. Lloyd, and many others 
from your laboratories have worked. 


COLOR CHANGES IN ANIMALS 


I have selected for my address the topic 
neurohumoral transmission, a subject 
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which is an outgrowth of the general 
field of animal coloration. I am em- 
boldened to think that this subject might 
well have interested the founder of this 
lectureship, Mr. James Somerville, for it 
is a part of the natural history of animals, 
a field in which as an educator he was 
notably active. Animal coloration has 
had a long history, for it has claimed the 
attention of investigators from the days 
of Aristotle and of Pliny. You are doubt- 
less aware that many animals can alter 
their tints with remarkable rapidity and 
that in such forms as the African chame- 
leon this ability has come to be truly 
proverbial. Some creatures, such as the 
devil fishes and squids, accomplish this 
transformation by many small systems of 
radiating muscle fibers whereby minute 
sacs of colored materials may be expanded 
or contracted, thus producing that unusual 
play of colors which characterizes these 
animals. Other forms, such as_ the 
shrimps, prawns, fishes, frogs, toads, and 
lizards, possess a much simpler device in 
which individual pigment cells or chro- 
matophores concentrate or disperse their 
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contained pigment and thus withdraw or 
spread to view their colors. The resulting 
changes in the tints of these animals may 
be said to be due in part to the external 
and in part to the internal environment. 
It is in particular to this type of chro- 
matophore that I wish to direct your 
attention, for the methods involved in 
its action call for the application of rather 
novel and remarkable principles that are 
of no small importance, in my opinion, 
in the elucidation of many organic rela- 
tions. In treating this subject I shall 
limit myself in the main to the conditions 
of the chromatophores in the vertebrates 
and particularly in the fishes, but I shall 
show you, I hope, that the principles 
thus brought forward apply very broadly 
and are probably of considerable sig- 
nificance not only for many vital processes 
in animals but in plants also. 

Among the ancients both Seneca and 
Pliny record the color changes of certain 
fishes as, for instance, the mullet whose 
activity in this respect played an im- 
portant part in the preparations for Roman 
feasts. Records of this kind occur through 
later times. In 1819 Sangiovanni first saw 
clearly the chromatophores of cephal- 
opods. He introduced the word chro- 
matophore, in Italian cromoforo, portrayed 
the movements of these cells, and ex- 
pressed the belief that they were under 
the influence of nerves. The chromato- 
phores of lizards were first clearly described 
by Milne-Edwards in 1834, of frogs by 
Ascherson in 1840, and of fishes by von 
Siebold and by Buchholz independently 
in 1863. Meanwhile in 1830 the adaptive 
relations of the color changes in fishes to 
the backgrounds on which they rested had 
been pointed out by Stark. 

In a series of papers published by 
Pouchet between 1871 and 1878 this dis- 
tinguished French investigator demon- 
strated, especially in the flatfishes, the 
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control of chromatophores by nerves and 
in particular by the sympathetic nerves 
(Fig. 1). The actual innervation of chro- 
matophores in fishes was subsequencly 
figured by Ballowitz (1893) who studied 
this subject by appropriate histological 
methods (Fig. 2). In 1852 Briicke had 
presented evidence in favor of nervous 
influence over the chromatophores in the 
chameleon. As a result of these and other 
studies the belief in the nervous control of 
chromatophores became generally  ac- 
cepted. But the best efforts of many 
investigators including such workers as 
Vulpian (1875), Bimmermann (1878), and 
Biedermann (1892) yielded no conclusive 
evidence in favor of this opinion as ap- 
plied to the amphibian chromatophores. 
Following on Corona and Moroni's dis- 
covery in 1898 that the pigment in frog 
chromatophores is concentrated by adre- 
nalin and Smith's discovery that the re- 
moval of the pituitary gland from the 
tadpole results likewise in a concentration 
of the pigment in its chromatophores, 
came a series of papers centering chiefly 
about the work of Hogben, one of your 
former associates. In these papers it was 
shown that the amphibian pigment cells 
were controlled almost exclusively by 
pituitary secretions and not by nerves 
(Figs. 3 and 4). This conclusion was in 
strong contrast with what had been estab- 
lished for the fishes and with what seemed 
true for the lizards, for though Redfield 
had shown in 1916 that a hormone, prob- 
ably adrenalin, was one of the agents in 
the concentration of pigment in the 
chromatophores of Phrynosoma, most work- 
ers including Redfield himself admitted 
that nerves were the chief controlling 
factors for color changes in these animals 
(Fig. 5). Thus at the beginning of the 
present decade the majority of investiga- 
tors in this field would have agreed that 
the control of vertebrate chromatophores 
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was by nerves in fishes, by hormones in 
amphibians, and in the main by nerves 
ir lizards. 

These somewhat anomalous conclusions 
led me to speculate on a possible unifica- 


am "Rohr, 
iy & 


ts, 
AL 


L “en 


! 
é. M 
WB) /F 
a# 


, 


fi) 


Fic. 1. Tursots 1n Wuicn THE MeLaNopHores Have 
Been RENDERED Dark AND INOPERATIVE BY THE 
CuTTING oF THE CONTROLLING NERVES 


Pouchet, 1876 
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chromatophores they might do so by 
secreting from their terminals material 
which, like adrenalin or pituitrin, would 
bring about a concentration or a dispersion 
of pigment in these cells. Hence the 
so-called nervous control and the humoral 
control of chromatophores might be re- 
garded as essentially the same. In what 
is assumed to be the nervous control of 
chromatophores the active substance is 
produced, according to this interpretation, 
in very close proximity to the reacting 
cell; in the humoral control this substance 
is produced at a distance and is then car- 
ried by blood and lymph to the chro- 
matophore. The substances thus involved 
I have called neurohumors to use a term 
introduced by Henri Fredericq in 1927, 
and the idea that chromatophores as well 
as other effectors, and even neurones 
themselves, could be thus excited to 
activity I designated as neurohumoralism. 
After having worked out this unification 


Fic. 2. Fish Meranopuores, Some with THerr PiGMent Dispersep, Orners with It CoNcENTRATED, 
AND ALL so StarInep as TO SHow INNERVATION 


Ballowitz, 1893 


tion in this field of work. In a lecture 
delivered at the University of Cambridge, 
England, in May, 1930, and subsequently 
published as a small volume entitled Hu- 
noral Agents in Nervous Activity, I suggested 
that where nerves appeared to control 


I was interested to find that essentially 
the same idea as that just detailed had 
been advanced by Professor Giersberg in 
1930 and published by him in a paper 
on the general color changes in animals. 
It is gratifying to find that the specula- 
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tions of so thorough a student of this 
subject as Professor Giersberg should have 
led him to this conclusion. 

I wish now to present to you work on 
the color changes in certain fishes which I 
have done during the last year or so, 
partly at Woods Hole and partly at Har- 
vard and which not only bears on the 
question of neurohumors but also opens 
up further fields of inquiry. I shall speak 
about the conditions in the dogfish, the 
catfish, and the killifish. 


MECHANISM OF COLOR CHANGES IN THE 
DOGFISH 


The color changes in the common dog- 
fish, Mustelus canis, were first studied and 


Fic. 3. Two Frocs or Waicn tHe Ricut-Hanp IN- 
pivipuaL Hap Been Inyecrep Six Hours Pre- 
viousty wits Prrurrary Extract AND THE Lerr 
One Kerr Licut Cotorep as a ConTROL 


Hogben, 1924 


described only very recently by Lundstrom 
and Bard (1932) who found that this fish 
assumed a light coloration in an illu- 
minated tank with light walls and a dark 
one in a similar tank with dark walls. 
These contrasts in color are shown in 
Figure 6. The various tints of the dog- 
fish's skin according to these investigators 
depend upon the state of the dermal 
melanophores. When the pigment gran- 
ules of these cells are dispersed throughout 
the bodies of the cells and their processes 
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(Fig. 7), the fish is dark in tone; when 
they are concentrated near the center of 
the cell (Fig. 8), the fish is light in color. 
It was further shown by Lundstrom and 
Bard that after the pituitary body was 
removed from the base of the brain of the 
dogfish, the animal gradually acquired a 
pallor which began to appear about 30 
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Fic. 4. Wes 1n A Froc's Foot SHow1nc THE MEtan- 
opHORES OF A PiGMENT Spot 1n A Dark ConpiTION 
(A), 1n AN INTERMEDIATE One (B), AND IN 4 Pate 
One (C) 

Hogben, 1924 
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Fic. 5. CHAMELEONS IN Waich ANTERIOR Patior 
Hap Been INpucep ArrerR SEVERANCE OF THE SPINAL 
Corp 1N THE REGION oF THE FirrH VerTesRA (A), 
THE Eicuts (8), tHe Tents (Cc), AND THE THIR- 
TEENTH (D) 

Hogben and Mirvish, 1928 


minutes after the operation and gained a 
permanent maximum in about 12 hours. 
This pallor was not apparent when only 
the anterior lobe of the pituitary body was 
taken out, but it always appeared after 
the loss of the neuro-intermediate lobe. 
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Hence it was concluded that this lobe, 
which is believed to be the equivalent of 
the pars intermedia of the pituitary body 
in the higher animals, is the structure 


Fic. 6. Two Docrisnes OriGINALLY OF THE SAME 
Tint, Twenty-Four Hours AFTER THE REMOVAL OF 
THE HypopHysis FROM THE FisH ON THE RIGHT. 
Taey now SHow Extreme Dirrerences IN TINT 


Lundstrom and Bard, 1932 


Fic. 7. Dermat Mecanopuorss or a Docrisn SHow- 
ING THerr PiGMENT IN THat State or ExTREME 
Dispersion Wuicn Causep THE FisH_ To APPEAR 
Dark 


Lundstrom and Bard, 1932 


from which emanates the neurohumor 
concerned with the dispersion of me- 
lanophore pigment. This conclusion was 
confirmed by tests made with fluid extracts 
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from this lobe. When a seawater extract 
of the neuro-intermediate lobe was in- 
jected into a dogfish made light-colored 
by hypophysectomy, the fish became tem- 
porarily dark. This darkening first ap- 
peared in about three minutes after the 
injection was made, reached a maximum 
in about an hour and disappeared in from 
five to six hours. Light fishes similarly 
prepared were temporarily darkened by 
injections of commercial pituitrin, in- 
fundin, and pitressin but not of pitocin. 


Fic. 8. Dermat Mecanopuorss or A Docrish SHow- 
1NG THerr Pigment 1N TuaTt State or Extreme 
CONCENCENTRATION Wuicn CaAuseD THE Fisn TO 
Appear Licut 


Lundstrom and Bard, 1932 


Lundstrom and Bard concluded from these 
various observations that the pituitary 
gland, and particularly its neuro-inter- 
mediate lobe, produces the hormone that 
dominates the color changes in the normal 
dogfish. The dark phase of this fish 
according to them is the result of a large 
amount of the appropriate pituitary prod- 
uct in the blood of this animal. The 
light phase is not especially discussed by 
them but it is to be inferred from their 
account that it depends upon the relative 
absence of the pituitary hormone. < -‘t 

This general conclusion, apparently ade- 
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quate in itself, may not, however, repre- 
sent the total situation. Nerves so com- 
monly play a large part in the color 
changes of fishes that it seemed unwise to 
accept Lundstrom and Bard's account as 
complete without first testing the possi- 
bility of some form of nervous control. 
For this reason my assistant, Miss Helen 
Porter, and I resolved on a further investi- 
gation of this subject with the following 
results. 

If in a moderately dark dogfish deep 
cuts transverse to the rays of any fin are 
made or similar cuts are inflicted on the 
body, these cuts give rise to light bands 
or splotches which are clearly visible in 
the skin for many hours or even days 
thereafter. If the spinal cord of a dogfish 
with the adjacent tissue is transected in 
the posterior part of the body, the portion 
of the fish behind the cut becomes irregu- 
larly slightly lighter. The light bands 
are best seen when they are produced on 
the pectoral fins and are most easily in- 
duced by making a well circumscribed cut 
completely through the fin from one face 
to the other and at right angles to the rays. 

In the pectoral fin the course of the main 
blood-vessels can be easily seen through 
the translucent substance of that organ 
and the cut may be made either distal or 
proximal to the chief vessels, thus leaving 
the blood supply to the fin essentially 
undisturbed. The cut necessarily severs 
a number of the smaller vessels, but, if 
its position is well chosen, it can be shown 
to introduce no serious interference with 
the circulation. After such a cut has 
been made a light band quickly develops 
extending from the cut to the free edge of 
the fin. This band assumes the width of 
the cut, never more, and always extends 
over the fin distally from the cut, never 
proximally. It follows very closely the 
lines of the fin rays and their associated 


nerves. Its detailed nature and fate de- 
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pend upon the light or dark condition of 
the dogfish in which it is induced. 

In a dark dogfish the band is a lightish 
area of rather irregular outline (Fig. 9). 
It is seen with certainty in from ten to 
fifteen minutes after the cut has been mace 
and it reaches its maximum in about a day. 
After this it gradually fades out, to disap- 
pear completely in from two to three days. 
A narrow band three to four millimeters 
wide will, however, disappear in a little 
over a day; one of a centimeter wide will 
remain visible for as much as two to 
three days. The light band fades by 
being replaced by the dark coloration of 
the surrounding fin area, the center of the 
band near the periphery of the fin being 
the last to disappear (Fig. 10). 

In a light dogfish the band is more 
clearly defined in outline than in a dark 
one. Its edges are sharply marked and 
they can be traced from the ends of the cut 
to mear the edge of the fin (Fig. 11). 
Although the fish may be extremely light 
in color, the band is always still lighter 
and agrees in tint with the white border 
of the fin. Unlike the light band on the 
dark fish, that on the light fish seems 
never to be obliterated. At least in all 
light dogfish kept by us in the laboratory 
tank the light band has persisted as long 
as the fish has lived, a period of at most 
about five days. When from a light dog- 
fish with a light band the eyes are removed 
the fish darkens and the band eventually 
disappears as it does in an ordinary dark 
fish in which it had been induced by a cut. 

These light bands give indubitable evi- 
dence of the participation of nerves in 
calling forth the light phase of the dog- 
fish's coloration. The light band result- 
ing from a cut follows exactly the course 
of the severed nerve-fibers. The severanc: 
of these fibers, we believe, throws them 
into full activity by which their effectors, 
the melanophores, are made to concen 
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trate their pigment completely and to 
remain in this state for a considerable 
period. This action on the part of the 
r erve-fibers appears to persist for as much 

five days, an unusual length of time, 


iG. 9. Fin rrom a Darx Docrish SHowING A 
Licht Banp Wuicu ResuLTED FROM THE SEVERANCE 
oF THE Fin Rays AND THerR ACCOMPANYING NERVES 
,sout AN Hour Berore tHe Preparation Was 
MaDE 

Parker and Porter, 1934 


Fic. 10. Fin rrom a Darx Docrish SHowING A 
Licut Banp IN Process oF GRADUAL DisaPpPEARANCE 
THROUGH THE INVASION OF A PiturTrary Neuronvu- 
MOR BY WHICH THE PIGMENT IN THE MELANOPHORES 
OF THE Proxima. Part or THE BAND Was Dispersep 


Parker and Porter, 1934 


and is overcome only when the dogfish is 
placed in a dark-walled receptacle. Un- 
cer these conditions the neurohumor from 
he pituitary gland enters the blood and 
s this fluid invades the region of the band 


the contained neurohumor in steadily in- 
creasing amounts must eventually reach 
the melanophores. Here it finally over- 
comes the action of the nerve-fibers that 
bring about a concentration of melano- 
phore pigment and in the end induces the 
dark phase of the fish by a dispersion of 
this pigment. This view of the interac- 
tion of the dispersing and concentrating 
factors in the color changes of this fish is 
supported by the fact that if blood is 
drawn from a dark dogfish and injected 
under the skin of a light one, a dark spot 


Fic. 1t. Fin From a Licut DocGrish SHowING A 
Licut Banp Severat Days AFTER THE INDUCING 
Cut Hap Been Mape 


Parker and Porter, 1934 


quickly appears in the region of the injec- 
tion and remains there several hours. 
Blood from a light dogfish, however, has 
no effect upon the coloration of a dark 
one and we are therefore led to conclude 
that there must be a profound difference 
between the exciting agents of the dark 
and of the light phases. In the dark 
phase the pituitary hormone, a dispersing 
neurohumor, must be soluble in the blood. 
In the light phase, a state nervously con- 
trolled, it is not known with certainty 
whether there is a neurohumor or not, 
but if one is involved it must be insoluble 
in blood. Thus the color changes in the 
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dogfish appear to be more complex than 
they were originally supposed to be by 
Lundstrom and Bard, for in addition to a 
neurohumoral control of the dark phase 
by means of a blood-soluble hormone 
from the neuro-intermediate lobe of the 
pituitary gland, there is an equally sig- 
nificant nervous control of the light phase, 
a control that certainly does not involve a 
blood-soluble neurohumor. 
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when it is in a similar black walled tank 
The extreme differences in these tints are 
shown in Figure 12. The full change in 
this fish from light greenish gray to 
black is slowly accomplished and may 
require under ordinary circumstances as 
much as a whole day. The reverse change 
from black to green-gray is more rapidly 
tarried out and may be completed in about 
chree hours. Catfishes whose eyes have 


Fic. 12. Ligut anp Darx Catrisnes SHow1NG THE Extremes or TinT AssuMED BY THESE FisHES WHEN IN AN 
ILLUMINATED WHITE-WALLED TANK OR IN A SIMILAR BLACK-WALLED ONE 


Parker, 1934 


MECHANISM OF COLOR CHANGES 
IN THE CATFISH 


The second fish whose chromatophoral 
activities I wish to discuss is the common 
freshwater catfish or hornpout, Ameiurus. 
The color changes in this fish have already 
been studied from a variety of standpoints 
by Van Heusen (1917), Bray (1918), 
Pearson (1930), Odiorne (1933) and Bacq 
(1933). In color change this fish ranges 
from a light greenish gray when it is in a 
white illuminated tank to almost black 


been securely covered so as to have all 
light excluded from them or fishes from 
which the eyes have been excised become 
almost black and remain so indefinitely. 
The direct means by which catfishes con- 
trol the tints of their bodies will now be 
considered. 

The tail of the catfish is a firm mem- 
branous structure supported by some fif- 
teen or more bony rays. The cauda! 
nerves pass out into the tail on the lines 


of these rays. If a ray is cut through 
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ompletely the nerves associated with it 
ie severed and the pigment concentrated 
n the melanophores of the area thus 
lenervated soon spreads out and darkens 
he whole of each cell. In a little over 
wo hours after such an operation the 
evered ray is the axis of a band almost 
lack in tint that extends from the cut in 
he fin to the edge of the tail (Fig. 13). 
f two adjacent rays are cut, a band of 


louble width is produced. If an uncut 


Fic. 13. Tam or A Catrish SHowrnc Dark Banps 
rHAT RESULTED FROM THE TRANSVERSE CUTTING OF 
Rays AND Dark TRIANGLES FROM SIMILAR INTERRA- 
DIAL Cuts 

Parker, 1934 


ray intervenes between two cut rays, the 
uncut ray forms the axis of a light band 
flanked on each side by a dark one. In 
such preparations the limits of each band 
can be seen to be so exactly drawn as to 
show clearly that the controlling nerve- 
fibers are very definitely restricted to each 
band and do not overlap into the adjacent 
bands. The nerves and their branches in 
each band have much the form of a feather 
in which the axis of the feather corre- 
sponds to the radial nerves of the fin ray 
and the side barbs to their lateral branches. 
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The general distribution of several adja- 
cent sets of radial nerves and their branches 
is such as would be seen if feathers were 
placed side by side so that the edge of the 
vane of one feather was just in contact 
with that of the next one. It follows 
from this arrangement that if transverse 
cuts are made in the catfish’s tail not 
through a ray but through the spaces 
between rays only a small triangular 
area will be denervated. In consequence 
only small black triangles should appear 
in such preparations. Triangles of this 
kind can easily be demonstrated (Fig. 13). 
The dark areas produced by the severance 
of nerves, be they bands or triangles, are 
when fully formed as near black as the 
blackest tint of any catfish and show the 
action of the nerves concerned with the 
dispersion of the melanophore pigment to 
be at its maximum. 

If in a catfish of intermediate tint a dark 
radial band is produced by cutting the 
nerves of one ray, this band will gradually 
disappear, in part by slowly fading as a 
whole and in part by shrinkage of area. 
The band becomes narrower by loss at its 
edges. This narrowing occurs especially 
over the proximal extent of the band and 
becomes complete here before the distal 
shrinkage has been accomplished. Hence 
the last of any such band to be seen is its 
extreme distal tip. Bands produced by 
cutting single rays in the catfish have been 
found to disappear in from two to five 
days. The steps in this process are well 
shown in Figure 14 where A represents 
the fully formed band, B the partly 
shrunken one, and C the last traces of a 
band. 

When the edge of a newly cut band is 
examined closely under the microscope 
(Fig. 15), the melanophores with dis- 
persed pigment and constituting the band 
itself can be sharply distinguished from 
those with concentrated pigment and 
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characteristic of the light-colored general 
surface of the fish. The line of separation 
between these two kinds of melanophores 
is a fairly sharp one. But after the band 
has begun to disappear and particularly 
after its shrinkage has well started this 
sharpness disappears and the edge of the 
band is no longer clearly marked. It is 
as though some influence that brought 
about a concentration of the melanophore 


Fic. 14. Tai or A Catrish SHowiNG THE ForMa- 
TION AND DisappEARANCE oF THE Dark BaNnp 


A, a fully developed band three hours after the 
transverse cut had been made; B, a somewhat shrunken 
band a dav or so after the cut had been made; C, the 
last traces of a disappearing band about four days after 
the cut had been made. Parker, 1934. 


pigment was making its way from the 
adjacent lightly tinted region into the 
body of the band. 

The blackish bands just described indi- 
cate in a very indubitable way that the 
catfish possesses melanophore nerve-fibers, 
the cutting of which induces a pronounced 
and lasting dispersion of the pigment in 
the color cells. Further evidence of the 
presence of these nerve-fibers, which in 
consequence of their action may be called 
dispersing fibers, is seen in the responses 


of the dark bands to adrenalin. If a 
catfish, in which a newly induced caudal 
band is fully developed, is injected with 
an appropriate amount of adrenalin, the 
whole fish within fifteen minutes becomes 
very light. This change affects not only 
the general surface of the fish but the band 
as well. It is remarkable to watch the 
rapid and complete disappearance of a 
band of maximum darkness under the 
influence of adrenalin. Within three 


Fic. 15. Epc or a Recentiy INpucep Dark Banp 
in A Catrisn’s Tai 


The contrast between the melanophores with dis- 
persed pigment, which constitute the band itself, and 
those with concentrated pigment, making up the light 
area of the fin, is very noticeable. Parker, 1934. 


hours after the injection of the adrenalin 
the effect of this substance begins to wear 
off and the catfish gradually changes from 
a very light tint to one of moderate dark- 
ness. This final stage is arrived at in 
about five hours. During this recovery 
the dark band, at first entirely obliterated, 
also returns and returns in full intensity. 
This change indicates quite clearly that 
though the action of the dispersing nerve- 
fibers was temporarily overpowered by 
the adrenalin this action was in no sense 
brought to a standstill. It must have 
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continued unimpeded for as soon as the 
action of the adrenalin died out the dark 
band reappeared. Hence it may be con- 
cluded not only that catfishes possess dis- 
persing nerve-fibers but that the severance 
of these fibers is a stimulus to them of 
lasting quality. 

The fact that catfishes are provided with 
dispersing nerve-fibers is not, however, 
ground for assuming that these fish may 
not have other means of inducing the 
dirkened state, such, for instance, as the 
pituitary secretions. It seemed, therefore, 
desirable to test the pituitary gland of the 
catfish in this respect. Four pituitary 
glands were removed from four freshly 
killed catfishes, minced in a few drops of 
Ringer's solution, and 0.2 cc. of this 
extract were injected into each of several 
normal catfishes. To this treatment dark 
catfishes showed no response. Light cat- 
fishes on the other hand began to darken 
within six minutes and were well darkened 
in twelve minutes. As there were no 
color changes in either the dark or the 
light control catfishes injected with sim- 
ple Ringer's solution, it is concluded that 
the pituitary glands of the catfish contain 
a dispersing neurohumor water-soluble in 
character that may be effective in exciting 
the dark phase in this fish. 

That this pituitary product is active in 
helping to darken the skin of the catfish 
can be shown from the following proce- 
dure. It is comparatively easy by using 
the buccal operation devised for this pur- 
pose by Matthews (1933) to reach and 
remove through the roof of the mouth the 
pituitary gland of the catfish. Fishes 
thus operated upon may lose very little 
blood and, notwithstanding the fact that 
the base of the brain is exposed to the 
fluids of the mouth, they will live for as 
long as two days. If a fish with a de- 
nervated caudal band which had been cut 


two days previously and was now well 
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faded, is subjected to the removal of the 
pituitary gland and placed in a dark- 
walled illuminated vessel, the following 
conditions will be observed. The whole 
fish will be seen to darken except the light 
band. This will retain its original tint 
thus showing that in the absence of the 
pituitary gland a denervated area cannot 
soon turn dark. Such a condition is in 
strong contrast with that of a fish which 
has been treated in all respects like the 
one just described except that the pituitary 
gland had been left in the animals. Under 
such circumstances the light band darkens 
much as the rest of the fish does, showing 
that the pituitary hormone in the absence 
of nerves may play the part of a pigment 
dispersing agent. It seems clear from 
these tests that not only does the pituitary 
gland produce a neurohumor capable of 
dispersing the pigment in melanophores, 
but that this neurohumor is soluble in 
blood and may thus be carried to distant 
regions of the fish’s body. If in a catfish 
with a denervated band darkened by the 
pituitary hormone a ray and its associated 
nerves are cut, a characteristic new band 
soon appears, a band very much darker 
than that excited by the pituitary sub- 
stance. It is therefore apparent that of 
the two methods of exciting the dispersion 
of melanophore pigment, dispersing nerves 
and pituitary hormones, the nerves are 
much the more effective. It appears then 
that the dark phase of the catfish is ordi- 
narily brought about by a combination 
of two factors: first, by the dispersing 
action on the pigment of the melanophores 
of nerve-fibers that are specially adapted 
to this end and that act vigorously, and, 
secondly, by a much less vigorous hor- 
mone from the pituitary gland. 

If the dark phase of the catfish’s skin 
is to be explained as has just been set 
forth, what can be said of the light phase? 
Does the light phase, for instance, involve 
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special concentrating nerve-fibers and hor- 
mones or is this phase merely that of 
relaxed quiescence? That nerve action 
may induce a concentration of melano- 
phore pigment has already been shown 
for the dogfish so that such an agency is 
at least possible. Furthermore there are 
several conditions that point quite obvi- 
ously to the realization of such a state. 
The narrowing of the dark band in the 
course of its disappearance in the tail of a 
catfish is most naturally accounted for on 
the assumption of the invasion of the band 
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gradually become dark (Fig. 16). This 
darkening will not take place, however, 
if the intermediate band is not denervated. 
A normally innervated band between two 
dark bands as can be made by cutting in a 
light tail two rays one on either side of a 
given normal ray, does not in time be- 
come dark. Hence whether the inter- 
mediate band will become dark or remain 
light depends upon the absence or the 
presence of nerves. Its darkening, which 
occurs when it is denervated, would de- 
pend then upon the spread of a dispersing 


Fic. 16. Two Taus or Catrisnes with Banps OriGinaLLty Licut AND INTERVENING IN PosITION 
BETWEEN Two Dark Banps 


In A the intervening band is still innervated and remains light. 
then allowed to blanch, becomes dark after the formation of the adjacent dark bands. 


by a concentrating neurohumor produced 
by appropriate nerve-fibers in the adjacent 


light region. As already stated the disap- 
pearing dark band narrows as though it 
were invaded by just such a neurohumor. 
That there is something to be said for such 
an assumption may be seen from the fol- 
lowing observations. 

If a single radial band in a catfish’s tail 
which in the course of a few days has been 
allowed to become faded is surrounded by 
two new dark bands situated one on each 
side and made by cutting the adjacent 
rays, the intervening light band will 


In B the intervening band, denervated and 
Parker, 1934. 


neurohumor from the adjacent dark bands. 
Such a neurohumor can act with reason- 
able rapidity on the melanophores of the 
light band and brings about the dispersion 
of their pigment. That this does not 
occur when the light band is innervated is 
due, I believe, not to the absence in the 
light band of the dispersing neurohumor 
but to the presence there of concentrating 
nerve-fibers whose action overcomes that 
of the opposing neurohumor and thus the 
band is kept light. Hence the main- 
tenance of a light normal band as such 
between two dark bands calls for the 
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essumption of concentrating nerve-fibers 
such as occur in the dogfish when a similar 
opposing action takes place. The con- 
centrating fibers to a certain degree must 
he subordinate to the dispersing ones, for 
when a ray is cut both sets of fibers must 
be severed and thereby stimulated. In 
the resultant response it is the dispersing 
and not the concentrating fibers that assert 
themselves, for the band becomes dark. 
I therefore conclude that the stimulus of 


Fic. 17. Tam or a Catrish 1n Wuicn a Dener- 
vatep Licut Banp Bsecame Dark IN TuaT Part 
Wuicn Was BETWEEN Two New ty Devecoprep Dark 
BaNDs 

Parker, 1934 


cutting the nerve is more effective for 
the dispersing than for the concentrating 
nerve-fibers. 

The evidence that has thus been ad- 
vanced for the presence of concentrat- 
ing nerve-fibers involves the assumption 
f a dispersing neurohumor whereby a 
ight band is invaded and rendered dark. 
Chat such a neurohumor is probably pres- 
nt is seen from another type of band 
omparison. If in a catfish from which 
he pituitary gland has been removed and 
n which a faded radial band has been 
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induced, two new rays are cut so as to 
bound on each side the distal half only 
of the faded radial band already formed, 
this band will in a short time become dark 
but only in that part which lies between 
the two new dark bands (Fig. 17). Hence 
it must be evident that something ema- 
nates from these dark bands and induces 
the darkening of the intermediate one. 
It is difficult to explain this condition 
except on the assumption of a dispersing 
hormone or neurohumor from the adjacent 
dark bands. I therefore conclude that 
dispersing merve-fibers act through a 
neurohumor that induces both locally and 
at a distance the dispersion of melanophore 
pigment. Whether the concentrating fi- 
bers act by means of a neurohumor or not 
is still unsettled. 

The following summary may be taken 
as descriptive of the color changes in the 
catfish. The dark phase in this fish is 
induced through dispersing nerve-fibers 
supplemented by the pituitary gland both 
acting by means of neurohumors. The 
light phase cannot be so certainly de- 
scribed, but there is evidence that this 
phase is dependent upon concentrating 
nerve-fibers whose action may or may not 
depend upon neurohumors. The explana- 
tion thus advanced implies a double inner- 
vation of melanophores. Reasons for the 
correctness of this assumption will be 
presented in the discussion of the third 
and last fish that I wish toconsider, namely 
the killifish, Fundulus heteroclitus. 


MECHANISM OF COLOR CHANGES 
IN THE KILLIFISH ~ 


The color changes in the killifish have 
been studied by numerous investigators 
and over a considerable number of years. 
Like the catfish the killifish has both a 
light and a dark phase (Fig. 18). Further- 
more small transverse cuts in its tail are 


followed by the production of dark bands 
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as in the catfish. In the killifish these 
bands appear in about half a minute after 
the cut is made, become strongly pro- 
nounced in an hour or so, and then disap- 
pear in from two to three days. Such 
reactions are decidedly more rapid in the 


Fic. 18. Two Kiturrisnes SHowinc ih One tHe Ex- 
TREME Dark PuHase, AND IN THE OTHER THE 
Extreme Lint Puasz, 


Parker, 1934 ; 


Fic. 19. Epcos or a Dark Bann IN THE TAIL OF A 
Kiturrish Harr aN Hour arrer THE Banp Hap 
Been InNpucep spy CuTTiING TRANSVERSELY 


The contrast between the melanophores with dis- 
persed pigment and those with concentrated pigment 
is very striking. Parker, 1934 


killifish than in the catfish though in 
other respects the color responses of these 
two fishes are much the same. 

As already stated, about half a minute 
after a transverse cut is made in the killi- 
fish tail the dark band begins to show. 
The band then quickly reaches its maxi- 


mum and at this stage its edges are very 
sharp. The contrast between the tw 
sets of melanophores at the edge of th 


Fic. 20. Epce or a Darx BaNnpD IN THE TAIL oF A 
Kiturriss 12 Hours arrer THE BAND 
Hap Been Inpucep 
The sharp contrast between the two sets of melano- 
phores is greatly reduced. Parker, 1934. 


Fic. 21. Epce or a Darx BaNp IN THE TAIL OF A 
Kiturrisn 2 Days arrer THE Banp Hap 
Been INDUCED 

The original sharp line between the melanophores 
with dispersed pigment and those with concentrated 
pigment is quite lost. In this figure the light area in 
the tail generally is toward the left and the much re- 
duced dark band is toward the right. The pigment 
in the melanophores at the extreme right of the figure 
extends somewhat farther into the cell processes than 
it does in the melanophores of the extreme left 
This slight distention is the last trace of the dar! 
band. Parker, 1934. 


band, those with dispersed and those wit! 
condensed pigment, is very marked (Fig 
19). After twelve hours this edge ha 
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ost much of its distinctness in that its 
narginal melanophores have assumed an 
ntermediate state between that of the 
olor cells in the dark part of the band 
nd of those in the light area with transi- 
ional melanophores in both directions 
Fig. 20). After two days the transition 
‘om the dark to the light areas is very 
vradual indeed (Fig. 21) and its center has 
shifted well toward the axis of the band. 
Thus a caudal band in the killifish disap- 
pears in the course of time by loss of edge 
and by gradual shrinkage as it does in the 
catfish and not through simple disap- 
pearance as a whole. It does so presum- 
ably from the same cause as in the catfish, 
for it gives every sign of being invaded 
laterally by an agent that excites the 
concentration of melanophore pigment, 
that is, by a concentrating neurohumor. 

After the initial band in Fandulus has 
come to be as light-tinted as the rest of 
the fish, if the fish is now put in an illu- 
minated dark-walled vessel, the whole 
animal quickly turns dark except the band 
which at first remains light and only 
gradually darkens. The body of the fish 
reaches a full depth of tint in a little less 
than two hours but it requires about 
twenty hours for the light band to accom- 
plish the same degree of change. The 
reciprocal test yields essentially similar 
results. If a dark killifish with an 
equally dark band is put in a light environ- 
ment, the fish as a whole will turn fully 
light in a little less than five hours but 
the stripe will require about twenty-six 
hours for this change. Thus in both in- 
stances the band in changing lags well 
behind the general surface of the fish as 
though this surface really was the active 
agent in the change and the band received 
‘rom it, depending upon the nature of the 
change, either a dispersing neurohumor or 
i condensing one. 

In these gradual disappearances of the 
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bands, both light and dark, they are 
reduced on the edges and not throughout 
their extent as a whole, thus indicating 
that the invasion is really a lateral one 
and not one from the whole under surface 
of the band. Such a change from below 
can readily be obtained by adrenalin, for 
if a killifish with a well developed dark 
band is injected with this hormone, the 
band disappears as a whole in less than 
fifteen minutes and without showing 
shrinkage at the edge. Adrenalin is 
soluble in the blood and is carried to the 
melanophores of the tail by blood and 
lymph. It bathes the whole deeper sur- 
face of any band. Hence its method of 
approach and the consequent type of disap- 
pearance of the band is quite unlike that 
seen in the natural reactions of the fish 
where the band diminishes by loss on ite 
edge and not throughout its whole width 
at once. 

The invasion of the band from its edge 
is further evident in the times required 
for the disappearance of initial bands of 
different widths. Ordinarily bands were 
produced by a transverse cut of one milli- 
meter extent and under such circum- 
stances the bands disappeared on the 
average in about thirty hours. But when 
bands were produced by a two millimeter 
cut the average time of disappearance was 
found to be some seventy-cight hours. 
Such a difference should not appear if the 
band were invaded from its deeper face 
as well as from its sides but might be 
expected if the invasion were strictly 
lateral. With adrenalin both broad bands 
and narrow ones disappear in the same 
time, a little less than fifteen minutes. 

The possible effects of the pituitary 
gland and of the blood on the color 
changes in Fundulus have been investi- 
gated by several workers including Mills 
and Matthews. According to Matthews 
(1933) the loss of the pituitary gland in 
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no way prevents Fundulus from accom- 
plishing its color changes, though the 
substance of the gland yields a dispersing 
neurohumor. Apparently this gland in 
Fundulus is without functional significance 
as a normal means of controlling color 
changes. 

Tests to ascertain the effect of the 
blood of Fundulus on its melanophores 
have always given negative results. Mills 
found that the blood from a dark fish when 
injected into a light one was without 
influence on the tint of the animal and 
the same was true in the converse experi- 
ment. My own results confirm those of 
Mills and hence I conclude that notwith- 
standing the fact that blood and lymph 
are the means of carrying adrenalin and 
other such agents, these fluids are not 
concerned with the transfer of normal 
neurohumors whereby the bands in the 
course of hours are slowly changed either 
light or dark. These changes require too 
long a time for accomplishment to be 
attributed to transfer by blood and lymph 
and must therefore be carried out in some 
other way. Moreover the agents con- 
cerned attack the bands laterally and not 
from all sides as lymph-carried materials 
would. Hence I conclude that in Fundulus 
the melanophores are activated by neuro- 
humors, which are not blood-soluble, and 
which spread with relative slowness from 
region to region. Such a condition might 
well be met by an oil-soluble material 
which, emanating from the numerous 
activating nerve-terminals in connection 
with the melanophores, could spread over 
the lipoid surfaces of these and other cells 
and thus induce in distant melanophores 
responses appropriate to a given general 
reaction. Such a view appears to be the 
most probable explanation thus far offered 
for these complex relations and in this 
sense it is to be accepted as a working 
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hypothesis. It implies a very close ana- 
tomical relationship between the nerve 
terminals on the one hand and thei: 
dependent effectors, the melanophores, on 
the other, as well as a close mutual rela- 
tion between the several melanophores or 
other cells in a denervated region. As a 
matter of fact such intimacy between cells 
of this kind has already been demon- 
strated, for, in a recent paper by Herrick 
(1932) on the melanophores of the tad- 
pole, it has been shown that the processes 
of melanophores actually anastomose. 

If the interrelation of nerves and melano- 
phores for Fundulus, as presented in the 
preceding paragraph, is sound, as it ap- 
pears to be, it probably also applies to 
the catfish, for almost exactly the same 
situations obtain there as in Fundulus. 
The main exception to this statement is 
found in the fact that in the catfish in 
addition to a dispersing and a concentrat- 
ing neurohumor transferred by the lipoid 
surfaces of cells there is also a supple- 
mentary dispersing neurohumor, the pitu- 
itary, carried by the blood and lymph. 
Thus the catfish is somewhat more com- 
plex than Fundulus, which in its turn is 
not as simple as the dogfish. Here, as 
already made clear, a pituitary neuro- 
humor is the exclusive means of inducing 
the dark phase. The light phase, how- 
ever, is controlled by nerves and may well 
result from a lipoid-soluble neurohumor 
derived directly from the nerve terminals. 
From this general standpoint two classes 
of neurohumors may be distinguished: 
those soluble in water, that is in blood 
and lymph, and those soluble in oil such 
as the lipoid constituents of cells. The 
water-soluble neurohumors act quickly 
and on the fish as a whole and the oil- 
soluble ones slowly and more near]; 
locally. 

Water-soluble neurohumors as seen in 





CELLULAR TRANSMISSION OF SUBSTANCES 


the dogfish and in the catfish act as dis- 
persing agents on the melanophore pig- 
ment. The assumed oil-soluble neuro- 
humors on the other hand may act either 
as concentrating agents on this pigment 
as in all three fishes under consideration 
or as dispersing factors as in the catfish 
and the killifish. Since the oil-soluble 
neurohumors are always associated with 
nerves the presence of a concentrating 
type and a dispersing one in this class is 
at once suggestive of double innervation. 
That melanophores are doubly innervated 
has been suspected since the time of Bert 
(1875) and has been very recently advo- 
cated by Smith (1931) and especially by 
Mills (1932). Smith has shown in Fundu- 
lus that cocaine, a sympathetic stimulant, 
induces concentration of pigment in 
melanophores, and that ergot, a sympa. 
thetic depressant, checks this operation- 
On the other hand pilocarpin, a parasym- 
pathetic stimulant, induces dispersion of 
the pigment and atropin, a parasympa- 
thetic depressant, checks dispersion. 
These results point distinctly toward the 
double innervation of melanophores, a 
view to which Mills was led on evidence 
of an entirely different kind. Mills 
showed that if the exact distribution of 
the light and the dark melanophores on 
the edge of a caudal band is recorded when 
the whole fish is quickly induced to take 
on first the light and then the dark tint 
the two distributions do not agree. In 
consequence of this lack of agreement two 
sets of nerve-fibers are to be inferred, one 
concerned with the dispersion of the 
melanophore pigment and the other with 
its concentration. These observations 
scem to me to afford very substantial sup- 
port to the idea of double melanophore 
innervation in which, to use the conven- 
tional phraseology, the fibers concerned 
with pigment concentration would be 
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classed as sympathetic and those con- 
cerned with dispersion as parasympathetic. 
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The passage of oil-soluble neurohumors 
gives evidence of a somewhat unsuspected 
method of transfer of materials within 
the body of an organism, namely, a trans- 
fer from cell to cell. Although this 
method of the translocation of substances 
has received only scant attention from 
biologists, it appears on even a superficial 
inquiry to be widely spread and, as the 
following brief survey will show, to be 
of no small significance. 





Fic. 22. Tissuze oN THE EpGe or A TENTACLE OF 
Drosera SHowrne a So-cattep Bup (B) THRovuGH 
Waics Carrein Has Mapes Its Way nto THe Apja- 
CENT CELLS AND Passep TRANSVERSELY AND LONGI- 
TUDINALLY THROUGH THE TissuE As INDICATED BY THE 
Particies oF Preciprrate SHOWN IN MANY OF THE 
CELis 

Kok, 1932 


Cell-to-cell transfer is known to occur 
in plants and has been studied recently 
by Kok (1932). This investigator has 
shown among other instances that in the 
tentacles of Drosera the so-called buds 
mark superficial spots at which caffein 
can gain entrance to the underlying tissues 
whence this drug may spread not only 
transversely but also distally and prox- 
imally through the tentacles (Fig. 22). 
This transfer of caffein can be followed 
from cell to cell in consequence of a 
precipitate formed in each cell as the drug 
progresses and its rate has been thus 
measured by Kok. In the distal direction 
the caffein was estimated to travel 658 
microns in 30 minutes and in a proximal 
one 534 microns in the same period. This 
progression is at a much greater rate than 
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that which I have found for the neuro- 
humor of the killifish, namely 9 microns 
in 30 minutes. The important point in 
the observations by Kok is the direct evi- 
dence of a transfer and from cell to cell, a 
determination which was only indirectly 
arrived at in Fundulus. 

Similar slow transfers have been re- 
corded by Sir Thomas Lewis (1927) in 
the human skin. If the skin of the fore- 
arm of a human being (Fig. 23) is irradi- 
ated over a sharply circumscribed area for 
a brief period of time, an artificial *‘sun- 


Fic. 23. Forearm or A HuMAN Beinec wit a Meta 
Surecp (A) THRouGH Wuicn a Patrern Has Been 
Cur ror Uss 1n IrrADIATION ExpERIMENTS, WITH A 
Fresx ““Burn’’ (8) SHowrnc Retativety SHARP 
Epos Propucep By IRRADIATING THE SKIN THROUGH 
THE OpENING IN THE Meta SxHieELD AND WITH AN 
Op **Burn”’ (c) Seow1nc Spread AND INpisTINCT- 
NEss OF EpGE 

Lewis, 1927 


burn” 


is produced which appears as a 
reddened patch with sharply marked 


limits. The reddening is of course due 
to the enlargement of the subjacent blood- 
vessels. These vessels respond to the 
treatment as though they had been acted 
upon by histamine, and Sir Thomas 
attributes their enlargement to the local 
liberation from the irradiated cells of a 
substance, possibly histamine itself, but 
which he prefers to call H-substance. In 
about a day after the irradiation the edges 
of the reddened area and the redness spread 
into the adjacent unaffected skin, indicat- 
ing a slow transfer of the H-substance 
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from the region of production into the 
originally undisturbed area. This spread 
occurs within a period of from twenty t 

twenty-four hours and over a distance o! 
from two to three millimeters after wea\ 
irradiation, of from four to five mill:- 
meters after a strong one. The rates 
obtained from these figures for the spread 


Fic. 24. Prepatp Skin or VITILIGO IN A 
Younc Man 


Sutton, 1928 


of the so-called H-substance are roughly 
40 tO I1oo microns in 30 minutes, approxi- 
mately midway between those established 
for Drosera (approximately 600 microns 
in 30 minutes) and for the killifish (about 
nine microns in 30 minutes). The agree- 
ment of these rates, rough though it may 
be, shows, I believe, that in these and 
other like instances we are dealing with 
a common method of material transfer 
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vhich from its cellular nature is bound 
o be in all respects slow. 

Other sluggish, localized transmissions 
‘hrough the human skin are seen in the 
pread of gurry sores or erysipeloids. 
These are sores that occur on the hands of 
uutchers and those who clean fish. They 
tart from slight skin abrasions whence 
they spread slowly over considerable areas. 


Fic. 25. DiaGraM or A Lonoitupinat SECTION OF A 
Hypra SHowinc tHE Movurts (1) Leapinc INTO 
THE Dicestrve Sac AND THE SURROUNDING CELLU- 
LAR WALLS 


They are apparently not due to infection 
by germs but to the continuous invasion 
f the initial abrasion by the decomposi- 
ion products, probably ptomaines, from 
meat or the gurry of the fish market. 
They quickly heal and disappear when 
he hands of the worker are kept from the 
fal of the butcher shop. The spread of 
hese sores under continual exposure is 
0 slow as to recall the cell-to-cell trans- 
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mission already described. Many insect 
stings follow the same course and spread 
through the human skin a centimeter or 
so in several days, finally to retreat slowly 
to the original center of disturbance. 
Much the same type of slow spread is 


Fic. 26. Secrion THROUGH THE Bopy-wa Lt oF A SEaA- 
ANEMONE SHOWING THE ENTODERMIC LAYER BELOW 
AND THE EctoperMic LAYER ABOVE WITH Its MuscLE 
Cexis (m.z), Nerve Ceuis (Nn.z.), Granp Cagiis 
(erw.z.), Netrie Certs (c.N.) AND THE Like 


seen in human piebald skin or vitiligo 
(Fig. 24). The disease, which is far 
from being understood, creeps over the 
skin at so slow a rate as to place it possibly 
in another category of changes from those 
already discussed. It is, however, inter- 
esting as an instance of slow dermal 
transmission. 
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Not only is there evidence of sluggish 
cellular spread of materials among the 
tissues of the more complex animals 
including man but such processes appear 
to be strikingly characteristic of many 
simple multicellular forms such as the 
hydra, the sea-anemone, and the whole 
group of coelenterates. In these animals, 
as can be clearly seen in the hydra (Fig. 25) 
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Fic. 27. Transverse Section or A Fisaino Fita- 
MENT OF THE PortuGuESE MAN-OF-wAR 


T, central canal for digestive products; P, muscle 
plate. 
many cells are remote from. the sources of 
food supply. In the hydra the food is 
passed by the tentacles into the mouth 
and thence to the digestive sac which is 
the only open space within the animal's 
body. From this sac the products of di- 
gestion must reach even the most distantly 
situated living cells of this simple organ- 
ism. The only cells that are in a position 
to profit at once by this supply of food are 
those that bound the digestive space, the 





entoderm cells. All other cells are at 
distance from this supply and as th 
creature has no circulatory system b 
which to spread the products of its diges- 
tion, these products must be handed on 
from cell to cell till a sufficiency has 
reached the most remote elements. Con- 
sequently the deep-lying entoderm cells 
not in contact with the digestive cavity, 
the entodermic muscle cells, and the whole 
ectodermic system of protective epithelial 
cells, nettle cells, gland cells, reproductive 
cells, muscle and nerve cells can be nour- 
ished only by materials that are handed on 
to them by the cells situated more advan- 
tageously in relation to the source of 
supplies. How considerable this cellular 
transfer must be is clearly seen in a section 
of the wall of a sea-anemone’s body (Fig. 
26) which is much thicker than that of the 
hydra’s body. In the sea-anemone many 
cells must be involved in the transfer of 
nourishing materials from the digestive 
cavity of this animal to its remote ele- 
ments situated near its outer surfaces and 
therefore farthest from the source of food. 

Another example of the same extensive 
food transmission in the coelenterates is 
seen in the fishing filaments of the Portu- 
guese man-of-war. These filaments in 
this beautiful animal may be many meters 
in length. Through the center of each 
one (Fig. 27) runs a canal by which diges- 
tive products from the digestive cavity of 
the polyp may be carried out to the most 
remote parts of the filament and yet when 
these products reach the more peripheral 
regions they are still relatively far from 
the cells that they must nourish. Many 
intervening cells lie between the muscles 
of the filaments, for instance, and the 
nutritive canal. When it is recalled that 
muscle is perhaps one of the most actively 
metabolic tissues of any animal and thai 
in this instance, as shown in the transverse 
section of the filament (Fig. 27), this 
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tissue is much of it very remote from the 
source of food supply in the central canal, 
it must be at once appreciated how im- 
portant and significant cellular transmis- 
sion is. Thus the coelenterates afford 
examples in which cell-to-cell transfer is 
apparently a vastly more vital element in 
their economy than it is in the more com- 
plex creatures, and nevertheless there is 
good reason to assume that this type of 
transfer has been retained even in such 
complexly organized animals as man. 

In conclusion it may be stated as a result 
of this survey that there is ample support 
for the opinion that substances are trans- 
mitted through the bodies of plants and 
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of animals not only by blood, lymph and 
other similar fluids, but from cell to cell. 
This method of transmission is believed to 
occur in organisms from the simplest 
to the most complex. It is of course 
much more primitive than that of blood 
and lymph. In itself it is a relatively 
slow process but it operates often in con- 
nection with other more rapid types of 
transfer. It is probably an important fac- 
tor in many of the remarkable operations 
which take place in embryonic and regen- 
erative growth where transfer of material 
from one spot to another, as is implied, 
for instance, in the modern theory of the 
organizer, takes place. 
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REDUPLICATION IN EVOLUTION 


By WILLIAM K. GREGORY 
American Museum of Natural History and Columbia University, New Y ork 


INTRODUCTION 


N 1894 William Bateson published his 
classic work Materials for the Study of 
Variation, in which he stressed the fun- 
damentally important concept that 

the existence of patterns, defined as exhibi- 
ting symmetry with respect to certain 
points and axes, is a central fact of morph- 
ology. He distinguished ‘Minor Sym- 
metries,’ formed by patterns completed in 
the several organs or parts, and ‘Major 
Symmetries’ which are compounded of 
minor symmetries. He proposed the term 


‘Merism’ to include the phenomenon of 
“Repetition of Parts’ in organisms, “‘gen- 
erally occurring in such a way as to form a 
Symmetry or Pattern’’; and he noted that 


this phenomenon ‘‘comes near to being a 
universal character of the bodies of living 
things.” 

He then continued to distinguish two 
main kinds of variations, namely, ‘Meris- 
tic Variations’ and ‘Substantive Varia- 
tions." Asanexample of meristic variation 
he cited the fact that the flower of a 
Narcissus is commonly divided into six 
parts but through meristic variation it 
may be divided into seven parts or into 
only four. As an example of a substantive 
variation he cites the occurrence of two 
distinct colors in different species of 
Narcissus. 

Bateson, however, considered varia- 
bility only in its present manifestations. 
Owing to his reaction against phylo- 
genetic speculation, the chronological or 
phylogenetic aspect of variability was 
practically banned by him, especially in 
his famous Address before the British As- 
sociation for the Advancement of Science 


272 


at Toronto in 1914. In the present paper, 
on the contrary, certain phases of varia- 
bility, hereinafter named polyisomerism and 
anisomerism, are considered from the phy- 
logenetic viewpoint, in which the available 
facts of geology, palzontology and zool- 
ogy are, so far as possible, constantly 
integrated. 


REDUPLICATION AND INEQUALIZATION 
IN INVERTEBRATES 


Trilobites, Crustaceans, Arthropods 


The researches of palzontologists, espe- 
cially those of Walcott, Beecher, Raymond 
and Leif Stérmer (1933) have shown that 
some of the Cambrian trilobites, including 
Triarthrus (Fig. 1A) were remarkably gen- 
eralized animals that were apparently near 
to the direct ancestors of the eurypterids, 
king crabs (Limulus), scorpions and spi- 
ders. In another direction they were 
elated to the ancestors of the Crustacea. 
The thorax of normal trilobites consists of 
numerous segments, each of which bears 
on either side a jointed and usually bira- 
mous appendage; each of these paired 
appendages includes a basal piece or 
coxopodite from which branch outward 
two main divisions, an exopodite and an 
endopodite. The endopodites were used 
for crawling and consisted usually of six 
joints. The jointed exopodites were bira- 
mous distally, the posterior branch bearing 
a row of closely appressed gill-blades (Leif 
Stérmer). In any individual trilobite the 
parts of one thoracic segment are severally 
comparable with those of other segments. 
The limbs of crustaceans, according to Leif 
Stérmer, lack the gill-blades of the primi- 
tive exopodite, which are preserved in the 
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more primitive arthropods (e.g., Limulus). 
Thus the common trilobite-crustacean 
stock is probably Pre-Cambrian in origin. 

Trilobites, crustaceans, arthropods, as 
well as annelid worms, are metameric ani- 
mals, in so far as they present an antero- 
posterior series of homologous segments 
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of budding or subdivision of some parent 
substance or tissue. Polyisomeres are 
homologous or comparable parts, either 
in the same or in different segments or 
organs, ¢.g., the different individual gill- 
blades of a trilobite, either of a single 
segment or as between different segments. 


Fic. 1. Poty1somerisM AND Irs Opposite, ANISOMERISM, IN METAMERIC INVERTEBRATES 
A. Primitive Cambrian trilobite, Triarthrus beckii. After Beecher. Under side, showing primitive longi- 


tudinal and transverse oe 
B. Modern crab CP. 
somerism. 


tyonichus ocellatus). After A. G. Mayer. Dorsal side, showing high degree of ani- 


C. Spider crab (Libinia dubia). After A. G. Mayer. Dorsal side, showing secondary polyisomerism by 


convergence. 


extending symmetrically on either side of 


the long axis of the body. Metamerism 
is, however, only a special case of poly- 
isomerism, or reduplication, which may 
be defined as the state in which many 
homologous parts are arranged along any 
primary or secondary axis, anteroposterior, 
transverse, vertical, spiral, etc. Poly- 
isomerism evidently results from a process 


Thus we ruay have interorganic poly- 
isomerism or intraorganic polyisomerism. 

If we now compare a modern lady-crab 
(Platyonichus ocellatus, Fig. 1B) with the 
primitive trilobite, we shall note that in 
the crab a number of the thoracic segments 
have fused with the head to form a 
cephalo-thorax, while the appendages 
have acquired a marked regional differen- 
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tiation, so that, for example, the powerful 
claws armed with sharp tooth-like projec- 
tions on their ‘‘jaws’’ are quite different 
in general appearance from the walking 
legs and these again from the paddle-like 
appendages at the rear end. Here then is 
an example of true differentiation or 
anisomerism, which has grown out of a 
state of undifferentiation or primary 
polyisomerism. 

Such local differentiation of homologous 
parts is due in part to heterogony, or differ- 
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ondary polyisomerism by convergence of a 
type which is extremely frequent through- 
out the animal and plant kingdoms. 
There seems to be good evidence that 
the trilobite stock gave rise to the Silurian 
eurypterids and that some of these in turn 
produced the Silurian and later scorpions 
and spiders, while certain others are 
represented today in the king crab (Limu- 
lus), which is thus a ‘living fossil’ of the 
highest antiquity. In the higher ar- 
thropods the originally polyisomerous 


LIMULUS 


Fic. 2. Potyisomerism AND ANISOMERISM IN Primitive ARACHNIDS 


A, Pterygotus anglicus. 
B. Bunodes lunula. After restoration by Patten. 


From Abel, after H. Woodward. 


C. Limulus polyphemus. After Abel. Under side, showing anisomerism of head-shield and thorax. 


ences in growth rates in different segments 
as compared with the body as a whole 
(J. S. Huxley, 1932, p. 8). 

If next we compare an ordinary crab 
with a spider crab (Fig. 1C) we note that 
in the latter the exoskeleton is covered 
with numerous small excrescences and that 
the very long appendages in a general way 
look much alike, so that the really high 
specialization of this form is masked by 
a false impression of uniformity or lack of 
differentiation. This is an example of sec- 


head segments become variously fused 
and distorted in connection with the great 
enlargement of the paired cranial ganglia 
and their partial concrescence into a true 
brain. A similar fusion of primitive 
neuromeres has generally been supposed 
by embryologists to have taken place in 
the remote ancestors of the vertebrates. 
For this and other reasons the late Profes- 
sor William Patten (1912) brigaded the 
Arthropoda and the Vertebrata in a super- 
phylum which he named the Syncephalata. 
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He also showed how (Fig. 3), according 
to his theory, the shield and paired eyes 
of the primitive eurypterid grew around 
on to the opposite side of the animal and 
the eyes turned inside out to produce the 
paired eyes of the earliest ostracoderms; 
how the several cranial nerves of the 
arachnids were transformed into those of 
the typical vertebrates. But after many 


years of fairly frequent and close study of 
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To palzontologists both Patten’s and 
Gaskell’s theories must stand at present 
as capital examples of the power of con- 
vergence and of mere coincidence to pro- 
duce deceptive similarities between widely 
unrelated forms. In other words, it 
appears that independently in the Ar- 
thropoda and in the Chordata the progres- 
sive evolution of a complex locomotor 
apparatus along somewhat similar lines 


Fic. 3. Patren’s Tazory or THE OriGiIN or THE VERTEBRATES 


A. Diagram of h 
“‘back,”’ or functionally dorsal surface, revealing the 


Patten 


thetical marine arachnid, based chiefly on Bunodes lunula. The animal is lying on its 
imitive mouth and 


d appendages. 


B, C. Hypothetical stages showing the overgrowth of the shield on to the originally ventral surface, which 


gives rise to the dorsal surface of a vertebrate. The overgrowth of the shield is referred to a 


great increase and 


coalescence of the neuromeres beneath it. The cephalic appendages give rise to the extrabranchial cartilages 


- postoccipital appenda, 


1 . 
Lawl ostracoderm CCpbalaspis), showing complete transmigration of the shield and paired eyes on to 


the now dorsal surface. 


From the palzontological viewpoint there is little warrant for the postulation of either such a major shift of 
the shield or the derivation of the vertebrate branchial skeleton from cephalic appendages. 


Professor Patten’s theory I am unable to 
accept his proposed homologies between 
the cranial nerves of arachnids and those 
of vertebrates. Gaskell’s version of the 
arthropod theory of the origin of verte- 
brates, while equally ingenious, requires 
even greater demands upon our credulity 
in accepting its drastic transformations of 
the primitive gut of arthropods into the 
lining of the neural tube of vertebrates 
(cf. Delage and Hérouard, 1898, p. 350). 


required a more and more complex control 
system; that is, a primitive state of 
polyisomerism in the locomotor parts and 
their corresponding nerve segments, 
through emphasis, concrescence and loss 
of parts, gradually gave way to differen- 
tiation or anisomerism in both phyla. 
But in spite of the convergence in external 
appearance between eurypterids and os- 
tracoderms it must be admitted that the 
brain and cranial nerves of Limulus are 
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profoundly different from those of the 
larval lamprey or even from those of the 
Devonian ostracoderms as described by 
Stensié. 

The mouth-parts of invertebrates show 


Yferanaite 
maxilliped 
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annelids, echinoderms, etc., serve to drive 
a current of water into the mouth. Here 
the polyisomerism of the cilia is evident. 

The starting-point for the more or less 
complex jaw-parts of crustaceans, arach- 
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Fic. 4. PotyisomerisM AND ANISOMERISM IN THE Mouts Parts or INsgcrs 
Modified from Parker and Haswell, after Lang 
A. Head of cockroach, showing maxillary palps derived from exopodites of cephalic appendages. ' 
B. Mouth parts of cockroach, showing primitive relations of exopodites and endopodites to protopodites. 
C. Extreme anisomerism in mouth parts of Lepidoptera, showing proboscis made up of the fused endopodites 


(maxillz) of ‘‘maxilliped II."’ 


the same principles of growth and evolu- 
tion as do their varied locomotor appa- 
ratus. Perhaps the simplest forerunners of 
jaw-parts are the ciliated bands which in 
various Protozoa and in the larvae of 


nids and insects is to be seen in the much 
more primitive conditions in trilobites, 
where the functional jaws are merely the 
proximal parts of the first two pairs of 
segmental appendages. 
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It has long been known that among the 
insects there are many steps from the 
primitively isomerous mouth-parts of the 
cockroaches (Fig. 4A, B) to the excessively 
specialized anisomerous mouth-parts of the 
Lepidoptera (Fig. 4C). 


Molluscs 


Although molluscs are not metameric 
animals they often display serial repeti- 


Fic. 5. Ssconpary Poty1somerism 1n Moxtuscs 


A. Radial polyisomerism in Pecten. After A. G. 
Mayer. 

B. Spiral polyisomerism in Nautilus. Section of 
shell, after Parker and Haswell. 


tions of certain features which are an 
expression of the phenomenon here called 
secondary polyisomerism, following upon 
an earlier anisomerism: for example, the 
ridges or folding of the shells of many 
pelecypods or the eyes on the mantle of 
scallops. Such alternate elevations and 
depressions imply temporal acceleration of 
growth and spatial distribution of neutral 
nodes, which processes seem to be among 
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the causes of polyisomerism. Secondary 
polyisomerism is beautifully illustrated in 
the successive chambers of cephalopods. 
In the more elaborate types of sutures of 
fossil nautiloid shells we witness the evo- 
lution of polyisomerism of the second, 
third and even higher orders. 

There seems to be good evidence that 
the primitive mollusc was bilaterally sym- 
metrical until a constant difference in 
growth rates of the two sides of the man- 
tle conditioned what might be called a 
spiral symmetry. 

Thus polyisomerism is due to the sum- 
mation of rhythmic pulses of growth 
operating in tissues of more or less homo- 
geneous material, i.e., in any of the three 
primary germ layers or their products. 
Hence polyisomerism, as a direct result of 
rhythm in cell division, is perhaps as 
fundamental and far-reaching a property 
of living things as growth and subdivision. 

The opposite phenomenon, anisomerism, 
is due to the undue emphasis or prolonga- 
tion of growth of certain parts, which are 
thus thrown out of harmony with the rest. 
A more remote contributing cause of 
polyisomerism and its opposite may be 
the diurnal and seasonal variations in the 
environment, as clearly registered in the 
lines of growth in shells, fish scales and 
tree trunks. 

The highly organized radula, or rasp, of 
predatory molluscs includes a great num- 
ber of tiny denticles arranged in various 
ways in longitudinal rows on a movable, 
strap-like tongue, which can be jerked 
back and forth over the shell of the victim. 
These polyisomerous denticles are also 
diagnostic in different species and genera, 
and here we notice the obvious but funda- 
mentally important fact that polyisomeres 
are always specific or even individual, so 
that although the processes that produce 
polyisomerism may be similar or identical 
in different cases, the material that goes 
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into the product is always specific and 
diagnostic, possibly even of the individual, 
if sufficiently delicate tests of age and nu- 
tritional factors were available. 


Echinoderms 


_ The combined results of long periods of 
polyisomerism, anisomerism and second- 
ary polyisomerism in the arthropod group 
and their allies have produced many 
extraordinary types of body, but in the 
echinoderms still more amazing transfor- 
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with five well developed ‘‘arms’’ may be 
more primitive than the asymmetrical bag- 
like Aristocystites. These five arms, which 
were of course primarily like the puckered 
corners of the bell-like mouth of a jelly- 
fish, were of great functional importance 
in collecting and passing along minute 
food particles to the mouth. From the 
first they exhibited a pentameral polyisom- 
erism, not only in respect to their general 
ground-plan but in the comparison of their 
extremely numerous small parts, such as 
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Fico. 6. Comparison or Ecainoperms AND Pamortive CaorpaTE~ 
A. Relatively primitive cystoid, Macrocystella. After E. W. Berry. Showing quinqueradiate polyiso- 


merism. 
B. Upper Silurian c 
asymmetry and bilateral symmetry. 


id, Placocystites forbesi. From Abel, after Bather. Showing secondary dorso-ventral 


C. Lower Silurian carpoid, Métrocystella barrandei. From Abel, after O. Jackel. Showing dorso-ventral 


asymmetry and incomplete bilaterality. 


D. Devonian ostracoderm, Drepanaspis. From Zittel, after Traquair. Showing nearly complete bilater- 


ality. 


mations have been attained by the accumu- 
lation of an infinite number of small steps. 
On account of the bilaterality of the larva 
of Antedon it is believed by high authorities 
that the radiate symmetry of echinoderms 
was first developed in adaptation to sessile 
life by an early bilateral and free-moving 
pre-echinoderm. While that may well be 
true of the pre-echinoderms, by the time 
the echinoderms themselves first became 
known in geological history they were 
already attached forms and it is even 
possible that some of the early sea-lilies 


the tube-feet, ampullz and supporting 
plates. Contact of the larva with the 
ground, however, induced a marked re- 
gional anisomerism manifested by the 
outgrowth of an attaching organ or stalk, 
which eventually in its turn became 
secondarily polyisomerous. 

However, with the instability and as 
it were recklessness that characterizes 
Nature, some of the beautiful sea-lilies 
sacrificed their five-rayed symmetry by 
habitually bending over on one side. As 
the calyx touched the bottom on one 
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side and the race gradually became ad- 
justed to this new position, a dorso-ven- 
tral asymmetry was gradually imposed, 
together with a cephalo-caudal asymmetry 
and eventually a bilateral symmetry. 
Several stages in this process are seen in 
the early group of echinoderms called 
Carpoidea. Thanks chiefly to the re- 
searches of Bather in England and Jaekel 
in Germany, many genera of these queer 
lop-sided creatures have been made known 
to science and an excellent brief review of 
the group may be found in O. Abel's 
Lehrbuch der Paldontologie (1920, pp. 280, 
281). When the calyx was bent over and 
acquired a dorso-ventral asymmetry it 
developed a bilateral articulation with the 
stalk, which in turn tended toward bi- 
lateral symmetry, while the lower end of 
the latter, formerly serving as a kind of 
root, acquired a spatulate, tail-like expan- 
sion. Meanwhile, as a result of the 
induced tendency toward dorso-ventral 
asymmetry and bilateral symmetry of the 
calyx, certain genera (e.g., Placocystites, 
Mitrocystella, Fig. 6) began to display a 
somewhat vague suggestion of the general 
appearance of the ‘‘head shield”’ of certain 


ostracoderms (¢.g., Drepanaspis, Fig. 6), 


while the stalk, as above noted, furnishes 
an amusing suggestion of an ostracoderm 
tail. 

In another carpoid named Cothurnocystis 
the calyx is markedly asymmetrical, bear- 
ing on one side a row of small openings 
(Fig. 7) which Dr. Torsten Gislén (1930) 
has compared with the asymmetrical gill- 
openings of the larva of Amphioxus. 

Of course we cannot yet be sure that all 
these resemblances are not due to the 
“long arm of coincidence,’’ which has 
brought about hosts of what the late 
Professor Bashford Dean (1908) calied 
“Unnatural History Resemblances,’’ such 
as the ‘‘crucifix’’ on the underside of the 
skull of certain catfishes, the ‘‘samurai’s 
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face’’ on the back of certain Japanese 
crabs and the ‘‘Arabic inscription’’ on the 
tail of a certain fish. And whenever such 
spurious resemblances are pointed out the 
memory is quick to supply additional ‘‘evi- 
dence’’ from independent quarters. So 
also in the case of the ostracoderm-like 
appearance of some of the carpoid echino- 
derms we recall that zodlogists have long 
suspected that there was a remote connec- 
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Fic. 7. AsymmerricaL Situr1aN Carporps 
From Abel, after Bather 


A. Cothurnocystis elizae. Showing marked asym- 
metry and supposed “mouth openings’’ (? branchial 


ee 
B. Dendrocystites scotticus. Showing tail-like stalk. 


The marked oye | and general appearance is 
somewhat suggestive of an ascidian larva. 


tion between the echinoderms and the 
vertebrates, not only because of the 
““Tornaria’’ larva of Balanoglossus, which 
resembles that of certain echinoderms, but 
also because both form their mesoderm 
from enterocoelic pouches. 

Meanwhile it must be admitted that so 
far as known there is a profound mor- 
phological gap between any known 
echinoderm and the oldest known verte- 
brates. This would be still more con- 
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spicuous if proof were found for Jaekel’s 
view (quoted by Abel, 1920, p. 279) that 
the reduction of the mouth-plate in the 
carpoids is correlated with the evagina- 
tion of the gut in front of the mouth, as 
occasionally happens in the holothurians, 
so that the food was both caught and 
digested outside the body! Nevertheless 
even greater miracles seem to have hap- 
pened than the hypothetical loss of the 
preoral part of the gut and the develop- 
ment of a new mouth, transformations 
long ago demanded by embryologists. An 
echinoderm that had lost its arms would 
have left only a sac-like gut with a mini- 
mum of nervous system. It would thus 
have far less to get rid of as a preliminary 


Fic. 8. “‘Aristorte’s LANTERN” 


After Parker and Haswell. Showing quinquera- 


diate polyisomerism 


before starting on the upward road to the 
vertebrates than would the far more highly 
organized arthropods. 

Consequently the nascent ‘‘Carpoid the- 
ory’’ of the origin of the vertebrates, 
which no one except Dr. Torsten Gislén 
has as yet had the courage even to imply, 
may eventually prove to be the final key 
to the classical problem of the origin of 
the vertebrates. 

We have already noted that the five arms 
of primitive sea-lilies are practically pro- 
jecting folds around the mouth. Thus the 
tube-feet in the ‘‘arms"’ of the starfishes 
now serve as locomotor organs by a change 
of function. 

The beautiful mechanism known as 
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Aristotle's lantern in the sea-urchin is 
made up of five sets of tooth-like plates 
with several rows of supporting plates and 
lever arms, operated by five principal mus- 
cles and a number of accessory muscles 
and their controlling nerves—all set in a 
ring around the mouth. If taken to pieces 
by an amateur this amazing example of 
so-called ‘‘design in nature’’ might prove 
as distressingly polyisomerous as the parts 
of a radial motor of an airplane. 

The complexities of Aristotle's lantern 
seem to have been too much for even 
Nature herself to modify successfully, for 
so far as I can gather from the literature 
it is found only in the sea-urchins and 
holothurians. 


Protochordates 


Balanoglossus and the ascidians, derived, 
doubtless at different times, from the 
earliest echinoderm-chordate forerunners, 
are each highly specialized and in some 
respects degenerate but in different ways. 
While Balanoglossus is perhaps a protochor- 
date masquerading under the habitus of a 
marine worm, the colonial sessile ascidians 
are protochordates almost transformed in- 
to the condition of corals or bryozoéns. 
But for all that, the Balanoglossus group 
seems to reveal its kinship on the one 
hand with the echinoderms through the 
Tornaria larva of its typical species and 
on the other hand with Amphioxus through 
the three-pouched larva of other species, 
while the ascidians retain their connection 
with Amphioxus through the mode of for- 
mation of their mesoderm, the expanded 
pharynx with its many gill-openings and 
the presence of a true notochord in the 
larval stage. 

Each of the protochordates exhibits a 
high degree of polyisomerism in certain 
parts and in different ways. Thus in the 
adult Balanoglossus the numerous branchial 
organs are made up of elongate U-shaped 
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slits with little horizontal bars connecting 
adjacent U's. The details of the branchial 
apparatus differ in the four genera of 
balanoglossids (Delage and Hérouard, Les 
Procordés, Pl. IV and Fig. 34). The 
plates of Delage and Hérouard also illus- 
trate the polyisomerism of the cells com- 
posing any given organ and we realize 
that macroscopic polyisomerism depends 
upon the homogeneity of the microscopic 
components. The Tornarialarva of Balano- 
glossus shows a highly polyisomerous ar- 
rangement of its ciliated bands. 

Amphioxus.—Perhaps the highest degree 
of secondary intraorganic polyisomerism 
is attained in the fish-like Amphioxus, not 
only in its very numerous myomeres and 
gonads but in its multitude of tactile cirri, 
its greatly expanded pharynx and high 
number of gill-bars. The peculiar asym- 
metry of the developing gill-bars, as noted 
above, has been compared by Torsten 
Gislén with the asymmetry of certain fossil 
echinoderms (Fig. 7); but if the proto- 
chordates have indeed been derived from 
the carpoid echinoderms (see p. 280 above) 
the transformation has completely wiped 
out all traces in the adult Amphioxus; in 
this connection it will be realized that as 
the condition here called secondary polyi- 
somerism advances it submerges the ancient 
anisomerous heritage of earlier ages. 

The polyisomerous ciliated bands that 
form the endostyle in ascidians, in Amphi- 
oxus and in the larval lamprey perhaps date 
back to a period before any kind of jaws 
developed, when microscopic food was 
ingested by the action of cilia. 

Ascidians.—The ascidians also supply us 
with examples of the principle that a 
primitive state of polyisomerism may give 
tise to a stage of anisomerism or differen- 
tiation and that this in turn may be re- 
placed by a secondary polyisomerism. For 
example, it is not impossible that the 
simple tunicates (Fig. 9A) as an offshoot 


of the chordate stem and ultimately of the 
echinoderm stock, may represent a second- 
ary return to a sessile mode of life. Asa 
sessile animal such a typical simple ascid- 
ian is strongly anisomerous in its twisted 
digestive tract and localized gonads. But 
by breaking loose from its base (Fig. 9B) 
and budding in chains, a Salpa colony 
(Fig. gC) as a whole has become second- 
arily polyisomerous. 

Since polyisomerism may be either pri- 
mary or secondary we can not hope to 
distinguish between the two merely by 
inspection of a given type without regard 
to the taxonomy and phylogeny of the 
group. Amateur students of evolution 
have often been misled by Herbert Spen- 
cer’s classic concept of evolution as imply- 
ing progress from homogeneity to 
heterogeneity, from simplicity to com- 
plexity. We now know from hundreds of 
well established instances that simplicity 
may often be the reverse of primitiveness 
and that progress, at least in the later chap- 
ters of evolution, has often been from a 
state of high local differentiation or 
anisomerism to the deceptively general- 
ized-looking simplicity of secondary 
polyisomerism. 


REDUPLICATION IN THE LOCOMOTOR 
SKELETON OF VERTEBRATES 


The locomotor skeleton of vertebrates 
has evolved in relation to the arrangement 
of the zig-zag myomeres and to the septa 
between them. These myomeres are them- 
selves products of lateral pouches from the 
primitive gut, so it is not surprising that 
they should be found in close functional 
connection with the median out-pocketing 
of the gut, which is the primitive noto- 
chord. But whereas the myotomes very 
early become polyisomerous, the noto- 
chord is unsegmented and continuous from 
the hypophysial sac to the tip of the tail. 
The notochord, composed of thin-walled 
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cells turgid with liquid contents and cov- 
ered with an elastic sheath, affords the 
necessary resiliency and reaction against 
the rhythmic contractions of the my- 
omeres. 
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Fic. 9. ANisomERovs AND Potrisomerous AsciDIANs 
After Delage and Hérouard 


The primitive state of the notochord, as 
exhibited in Amphioxus, was doubtless also 
characteristic of the ostracoderms, in 
which there is a tube for the notochord 
behind the hypophysial fossa (Stensié, 
1927, Pl. 79). In another group of early 
chordates, the Antiarchi, several well pre- 
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served impressions of the posterior half 
of the body show an empty space in the 
midline beneath the longitudinal dorsal 
fin-fold and between the dorsal and ventral 
rows of small rod-like supports of the 


ASCIDIAN 


caudal fin. These spaces can hardly have 
been filled by anything but the notochord. 

In the elasmobranchs the thick outer or 
fibrous sheath of the notochord was in- 
vaded by skeletogenous cells which pro- 
ceeded to lay down four pairs of blocks, 
two dorsal and two ventral, in each 
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sclerotome or primitive mesodermal seg- 
ment. According to Gadow (1895), the 
anterior dorsal and ventral blocks were at 
the posterior end of one segment just in 
front of the intersection of the oblique 
septa of the myomeres with the elastic 
sheath of the notochord, while the pos- 
terior dorsal and ventral blocks were 
behind this septum and at the front end of 
the next segment. Goodrich (1930), how- 
ever, dissents from this and holds that all 
four pairs belong within one segment. 
The two dorsal pairs (basidorsals and 
interdorsals) rest on the dorsal half of 
the elastic sheath and protect the spinal 
cord, while the two ventral pairs (basi- 
ventral and interventral) rest against the 
lower half of the fibrous sheath (Good- 
rich, 1930, p. 18). These vertebral blocks 
or arches not only protect the spinal cord 
and nerve exits but also serve as bases for 
the attachments of the myomeres. Those 


parts of the blocks that surround the 


notochord coalesce to form short cylin- 
drical centra. 

The vertebral centra of sharks exhibit a 
high degree of intersegmental polyisomer- 
ism as well as intrasegmental polyisomer- 
ism. Their diverse patterns, affordéd by 
the deposition of calcareous material pre- 
sumably along the zones and lines of 
greatest stress, are in general characteristic 
of the various groups of elasmobranchs 
and have been exhaustively treated in a 
great monograph by Hasse. 

In the chimaeroids, which are highly 
specialized elasmobranchs, the central por- 
tion of the vertebral column attains a 
stage of secondary hyperpolyisomerism, as 
it is composed of a very large number of 
similar rings. In the embolomerous type 
of vertebrae, characteristic of the earliest 
known amphibians, each vertebra consists 
of two checker-like discs perforated by the 
notochord, the second one bearing the 
massive neural arch. The polyisomerous 
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ribs, which function as lateral extensions 
of the vertebrae for the insertion of the 
lateral muscles of the myomeres, are mov- 
ably articulated with the centra by two 
processes or heads, of which the lower or 
capitulum is articulated with the inter- 
centrum; the upper or tuberculum articu- 
Jates with the diapophysis of the neural 
arch (Watson, 1925). The neural arches 
articulate with each other by means of 
inclined paired facettes or zygapophyses, 
the function of which is to prevent strangu- 
lation of the spinal cord and spinal nerves 
during flexure of the body. 

In the more ancient stegocephalian am- 
phibians from the Lower Carboniferous 
there was also a high degree of primitive 
intersegmental polyisomerism from one 
end of the backbone to the other (Fig. 10). 
At the same time we see in these forms the 
beginning of regional anisomerism, since 
there is a rather rapid reduction of the ribs 
as we pass backward in the lumbar region 
to the sacrum and then a sudden marked 
increase in size of the two ribs that are 
expanded as a sacrum to receive the thrusts 
of the pelvic limbs transmitted through 
the pelvis. Again, behind the sacrum 
there is a rapid constriction of the inter- 
costal diameter as the posterior ventral 
ribs, or haemopophyses, enclose only the 
postanal main blood-vessels. 

At the other end of the vertebrate series 
in man, we find a high degree of regional 
anisomerism in the backbone, combined 
however with a considerable degree of 
intraregional secondary polyisomerism. 
Thus there is a sharp differentiation be- 
tween the atlas and axis, between the 
seventh cervical and the first dorsal, be- 
tween the last dorsal and the first lumbar, 
the last lumbar and the sacrum. In the 
postsacral vertebrae, especially where they 
are coalesced into the coccyx, the polyi- 
somerism is partly secondary. 

The great flying reptile Pteranodon ex- 
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Fic. 10. Mopet or aN Emsoctomerous AMPHIBIAN, DieLoverTEBRON 


Based on skeletons described by D. M.S. Watson. Showing primary polyisomerism and slight regional ani- 
somerism in axial skeleton 
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Fic. 11. SkeLeTon or Presiosaur, Cryprocierpus Oxontensis 


Mounted in the American Museum of Natural History by Charles Lang. Photograph by A. E. Anderson 
Shows marked secondary polyisomerism tending to obscure an earlier anisomerism. 
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hibits a high degree of regional anisomer- 
ism in the backbone, for here a number of 
the anterior thoracic vertebrae are co- 
alesced into a pseudo-sacrum to receive 
the thrusts of the enormous pectoral limbs, 
while many vertebrae in the sacral region 
are coalesced to form a synsacrum. Even 
here, however, there is also a considerable 
degree of intraregional polvisomerism. 

Secondary polyisomerism in the back- 
bone of vertebrates is quite common; for 
example, among fishes we have an extra- 
ordinary hyperpolyisomerism of the col- 
umn in the morays and in other anguilli- 
form fishes of several orders. Again in 
the class Amphibia many exhibit this 
feature in a high degree, especially among 
the early stegocephalians and Lepospondyli 
as well as in such urodeles as Necturus, 
Siren, and in the entire order of coecilians. 
The same principle ran riot among the 
reptiles, which produced many long- 
bodied, small-limbed and eventually limb- 
less forms like the glass snakes and 
amphisbaenians among the lizards, as 
well as the true serpents. 

Various phyla of extinct land-living rep- 
tiles gradually became aquatic and some 
of them even marine in habits. As they 
did so, the limbs were transformed into 
paddles and the backbone usually became 
de-differentiated and secondarily polyi- 
somerous, so that in the ichthyosaurs, for 
example, the centra were simple and 
checker-like from one end of the column 
to the other, nearly all traces of the sacral 
differentiation being obliterated. Simi- 
larly the neural arches became alike and 
reduced their zygapophyses, thereby facili- 
tating the free undulation of the backbone. 

In the plesiosaurs there was also a 
rather high degree of partly secondary 
polyisomerism in the elements of both the 
axial and the appendicular parts of the 
skeleton (Fig. 11). 


In many cases of excessive polyisomer- 
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ism of the backbone (due apparently to 
a multiplication of the muscle segments 
there is also a corresponding polyisomer- 
ism of the integument, frequently produc- 
ing rings or a regular arrangement ot 
spots. As a result of intrasegmenta! 
anisomerism combined with intersegmen- 
tal polyisomerism, one or more elements 
of a pattern may be stressed at an early 
stage of development. Subsequent growt!l 
and elongation pull out these color patches 
into various component parts, so that we 
finally witness the beautiful color patterns 
of the pythons and vipers. The feathers 
of perhaps every species of birds would 
furnish many examples of inter- and intra- 
regional polyisomerism and of the oppo- 
site tendency toward anisomerism but 
always with a specific or individual stamp 
of the resulting patterns. In the phenom- 
enon called aquintocubitalism in birds, for 
example, which implies the presence of 
fifteen primary flight feathers on each 
wing, a great number of species, genera 
and even orders of birds exhibit a general 
polyisomerism of these feathers, combined 
with specific differences in the colors, 
patterns and forms of the overlying wing 
coverts. 

The accessory locomotor organs, includ- 
ing the fins, paddles and finally limbs, 
likewise go through the stage of primitive 
polyisomerism and anisomerism, followed 
by either hyper-polyisomerism or hyper- 
anisomerism. Thus the pectoral and pel- 
vic fins were once part of either continuous 
or nodally projecting paired finfolds, 
supported in the earliest fishes by spines 
or cartilaginous rods. These paired fins 
were originally of the same nature as the 
median fins and included rigid projections 
of the body-wall enclosing the segmental 
muscles and surmounted by crests of in- 
tegument strengthened by rows of denti- 
cles coalesced into spines or fin-rays. 

There was, however, one enduring rea- 
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son for anisomerism between the pectoral 
and the pelvic girdles, for the former was 
originally associated with the head and 
formed the boundary between the body 
musculature and the orobranchial cham- 
ber, while the pelvis was associated with 
the exit of the digestive and reproductive 
tubes and was thus situated on a node of 
the musculature between the flanks and the 
tail. Also the pectoral limbs, except 
among the pterosaurs, never acquired an 
attachment to the column, whereas the 
pelvic limbs by the upgrowth of the ilium 
gained a ligamentous contact with the 


HYPOTHETIC 
INTERMEDIATE 
PARAMPHIBIUS? 
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girdle into anterior, dorsal and posterior 
elements. Such triradiate sutures in the 
case of fish skulls arise through the mutual 
pressure of three bony centers which are 
being pushed away from each other by 
their equal growth rates and by the reac- 
tions generated at their intersecting 
peripheries. 

The distal ends of the paired fins were 
originally polyisomerous in so far as they 
were supported by serially arranged mus- 
cles and skeletal rods. By coalescence of 
some of these serial elements the base 
became constricted and the fin gradually 


PRIMITIVE AMPHIBIAN 
Eryops 


Fic. 12. Suppossp TRANSFORMATION OF Pacrorat Papp or Devontan Losg-FIn INTO Primitive CHEIROPTERYG- 
ism OF AMPHIBIAN, BY ANISOMERISM AND SECONDARY PoLyIsOMERISM 


sacral ribs, thus indirectly transmitting 
their thrusts to the column. The marked 
and persistent anisomerism of the pectoral 
and pelvic girdles is thus readily under- 
standable in the light of the functional 
history of these elements. Nevertheless, 
a secondary tendency toward polyisomer- 
ism very early asserted itself, in that, 
especially among the Permian reptiles, 
each half of both pectoral and pelvic gir- 
dles came to acquire a triradiate suture 
centering respectively in the glenoid and 
acetabular depressions and dividing each 


changed into a paddle with a movable 
wrist-like base. In the fan-like paddles 
of the early crossopterygians (Fig. 12.) one 
set of rods (H, U:, Us, U;, U,) became the 
functional axis and one member (H) of 
this set gave rise to the humerus or single 
proximal piece. When the paddle was 
bent sharply upon itself in pushing the 
body on the mud, anisomerous increase 
of thé proximal elements took place to- 
gether with some secondary polyisomerism 
in the elements that were to become the 
carpals. A similar history in the pel- 
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vic limb resulted in the anisomerous 
proximal elements and the polyisomerous 
extremities. 

In the earliest tetrapods each of the 
elements of the primitive hind foot has 
the somewhat deceptive appearance of 
complete homology with the correspond- 
ing piece of the fore foot; but it is more 
than likely that this is largely due to 
intersegmental polyisomerism. 

An even more complete homodynamism 
and polyisomerism is developed second- 
arily between the pectoral and pelvic 
paddles of typical plesiosaurs (Fig. 11). 

The fore and hind limbs of birds have 
attained a high degree of anisomerism 
with little or no tendency toward sec- 
ondary or tertiary polyisomerism. The 
skeleton of the pectoral limbs of hum- 
ming-birds, for example, is excessively 
different in function, in general appear- 
ance and in detail from that of their pelvic 
limbs. The same is even more conspicu- 
ous in the penguins, where pectoral and 
pelvic limbs are used, although in very 
different ways, in propulsion through the 
water and on land. And yet the remote 
common ancestors of all birds were primi- 
tive lizard-like reptiles with similar but 
secondarily polyisomerous hands and feet. 
This case suggests that marked regional 
anisomerism between serially homologous 
parts is concomitant with equal differ- 
ences in function and at present I can think 
of no exceptions to this rule. 


CONCLUSIONS 


The phenomenon of polyisomerism, 
whereby adjacent or serially homologous 
parts of the body are moulded into similar 
patterns, obviously results from the inter- 
action of many forces, influences and con- 
ditions such as the following: the pro- 
duction of similar units of building 
material by the digestive system, the 
similar influences upon a row of homolo- 
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gous parts exerted by serially homologous 
nerves and blood-vessels, the similar effects 
upon all the units of the series by specific 
endocrine products, in stimulating or 
retarding growth or in changing the physi- 
cal or chemical properties of any of the 
component tissues; finally we have to 
reckon with the similarities that were 
initiated by forces let loose by the unfold- 
ing genes. 

In short, ‘‘wholeness,’” ‘‘specificity”’ 
and ‘‘aristogenesis’’ seem to be names for 
certain aspects of the behavior of living 
kaleidoscopes that slowly evolve through 
the ages: the little pieces (‘‘aristogenes’’) 
that go to make up the patterns are the 
small units that are budded off from some 
rhythmically growing organ like the 
dental lamina; the patterns are determined 
in part by the primary symmetries and 
asymmetries of the fertilized egg, in part 
by secondary symmetries and asymmetries 
produced, for example, by the recurrent 
invagination of the ectoderm and the 
mesoderm so as to form dental caps and 
tooth germs; or by nodal retardation of 
growth in a rapidly growing strip, as in 
the notches and folds of rodent teeth; 
finally, patterns are produced by the recur- 
rent interference between polyisomerism 
and its opposite, anisomerism. 

As to the occasional recurrent alterna- 
tion of polyisomerism and anisomerism, 
let us consider the long line of vertebrates 
that culminated in the existing narwhal. 
In the remote reptilian ancestors of the 
mammals the dentition was at first strongly 
polyisomerous; this we may call primary 
polyisomerism. In the higher cynodonts 
this condition began to give way to a 
moderate degree of anisomerism, which 
was progressive up to the time of the 
earliest creodonts; this may be called the 
first cycle of anisomerism. In the an- 
cestors of the hyaenodonts the dentition 
as a whole was anisomerous but the upper 
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molars were becoming secondarily polyi- 
somerous, through the emphasis of their 
metastyle shears and the reduction of their 
protocones. Traces of this condition are 
still visible in the earliest archzocetes, 
but by the time we reach the squalodonts 
the teeth have begun to multiply and to 
be much simplified and polyisomerous, a 
tendency which culminates in the dol- 
phins. Here is the phase of secondary 
polyisomerism. In the immediate an- 
cestors of the narwhal one pair of these 
similar teeth began to enlarge; this move- 
ment culminated in the excessively ani- 
somerous stage of the narwhal, which has 
in the adult but a single tooth left in 
the form of a huge spirally wound straight 
tusk. Thus we have secondary anisomer- 
ism of an extreme type. The next stage 
would probably be loss of all teeth (nega- 
tive anisomerism). 

The usefulness of polyisomerism or 
reduplication is that it has enabled the 
same function to be performed by many 
different units, so that the necessary work 
could be distributed among many; thus a 
massive result could be achieved by mass 
action of small units multiplied by time. 
As an example we may cite the amazing 
achievement of the minute teeth of the 
radula of certain gastropods in boring 
through the thickest part of the shell of a 
clam, or the powerful mass action of the 
tube-feet of a starfish in pulling open the 
shell of an oyster. 

On the other hand, anisomerism, or the 
inequalization of parts, resulting from the 
overgrowth of one part of a polyisomerous 
series, has proved useful under the fol- 
lowing conditions: (a) when the enlarged 
anisomerous parts have been compelled 
to bear the brunt of attack, as in the canine 
teeth of the sabre-tooth tiger, or when 
they serve as a shield, as in the plates of 


the carapace of the tortoises; (b) when the 
enlarged parts serve as a fulcrum, anchor 
or stay for adjacent parts, as in the co- 
alesced anterior cervical vertebrae that 
support the immense head shield of cera- 
topsian dinosaurs, or as in the enlarged 
sacral ribs that receive the thrusts from 
the pelvic limbs; (c) when adjacent pieces 
of an originally polyisomerous series per- 
form narsowly delimited parts of some 
complex function, as in the several parts 
of the atlas-axis complex of man. 

Thus the presence of polyisomerous parts 
implies mass action, the presence of ani- 
somerism implies inequality of stresses, 
highly differentiated functions. 

In all Metazoa polyisomerism, or the 
formation of numerous small unit organs 
of the same type, is the next step above 
cell division and the differentiation of the 
primary germ layers. The quality of 
specificity or individuality becomes mani- 
fest in each case of polyisomerism at ear- 
lier or later stages of ontogeny. Polyi- 
somerism, either as between organs or as 
between the smaller units that compose 
them, is a universal property of living 
things; it is the specificity of the polyi- 
somerism that remains to be explained. 
Here from a historical point of view we 
emphasize the divergent, cumulative com- 
pound-interest-bearing effect of an infinite 
number of small conditioning factors oper- 
ating on divergent hereditary lines through 
geologic time. 

In general the nature of protoplasm is 
such that a separated part tends to assume 
the form of the parent mass, hence polyi- 
somerism is a result of an inherent property 
of protoplasm. On the other hand, ani- 
somerism, or hereditary divergence, arises 
when the forces of polyisomerism are un- 
evenly distributed so that one part grows 
or evolves faster than its neighbors. 
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SIGNIFICANCE OF THE BIOTIC COMMUNITY IN 
ECOLOGICAL STUDIES 


By WALTER P. TAYLOR 
Senior Biologist, U. S. Biological Survey, Tucson, Arizona 


INTRODUCTION 


URING the eighteenth and 
nineteenth centuries, many 
leading biologists sought a 
knowledge of nature in the 
open. These were the days of famous 
naturalists, systematists, and faunal and 
floral geographers. Toward the end of 
the nineteenth century a group of gifted 
laboratory workers came to occupy the 
center of the stage, and the emphasis on 
field work unfortunately lessened some- 
what. In these days of the twentieth 
century a renewed interest in Nature out- 
of-doors is evident. The proponents of 
“scientific natural history,’’ or ecology, 
are making ever more valuable contri- 
butions. Their work is commending it- 
self increasingly to the general biological 
public, and their numbers and influence 
are steadily augmenting. A few praise- 
worthy efforts have been made, also, 
toward the coédrdination of field and 
laboratory investigations. 

Ecologists, like other biologists, have 
usually entered their chosen field through 
specialized work either on animals or 
plants. As studies proceed of the struc- 
ture and relationships of communities of 
living organisms in the field, more and 
more workers are appreciating the vital 
character of the interdependencies between 
plants and animals. It is being realized 
that investigations of ‘‘animal’’ ecology 
and of ‘‘plant’’ ecology assume their 
proper status only in the great codrdinat- 
ing field of bio-ecology (or simply, 
ecology), the study of all living organisms, 


plant and animal, as related to their 
environment. 


THE BIOTIC COMMUNITY AND THE ECOLOGISTS 


Seemingly the trend among ecologists is 
increasingly toward the bio-ecological 
point of view. In an outstanding paper 
which summarizes the situation, Phillips 
(1931) presents a résumé of the principal 
divergent views regarding the relations of 
plants and animals in natural communities. 
Phillips points out that by one group of 
workers, including most plant ecologists, 
animals are regarded as biotic factors 
external to the plant community. By 
another group, including many animal 
ecologists, plants are regarded as a portion 
of the habitats in which the animal com- 
munities live. By a third group, of which 
Phillips himself is a distinguished repre- 
sentative, plants and animals are viewed 
as interrelated, co-acting constituents of 
an integrated biotic community. 

Under the first group, including ecol- 
ogists who regard animals as biotic factors 
external to the plant community, Phillips 
discusses the work of Warming, Flahaut 
and Schréter, Tansley, Yapp, Farrow, 
Watt and Osborn. As representing the 
smaller group of animal ecologists who 
believe that plants should be considered 
as a portion of the habitat, i.e., not as 
members of the community, Phillips 
suggests Klugh, Pearse, Chapman, Elton 
and Adams. 

We next consider those who regard 
plants and animals as interrelated, co- 
acting constituents of an integrated biotic 
community. M6bius, who in 1877 sug- 
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gested the terms Biocénose or Lebensgemein- 
schaft, is cited as a pioneer in the concept 
that plants and animals together may form 
a biotic community in possession of a 
certain definite territory. 

In his discerning investigations of the 
lake as a microcosm, Forbes (1887, p. 77) 
referred to the sensibility of the organic 
complex in the lake. He pointed out that 
whatever affects any species belonging 
to this complex must speedily have its 
influence on the whole assemblage. It is 
impossible, he said, to study any form 
completely, out of relation to the other 
forms. It is necessary to make a compre- 
hensive survey of the whole before one can 
acquire a satisfactory understanding of 
any part. Forbes was interested in study- 


ing the natural interactions by which the 
mere collocation of plants and animals has 
been organized as a settled and prosperous 
community, as he put it. The concept of 


the biotic community was Clearly in his 
mind, though he gave it no name. 
Merriam (1890, p. 27) called pointed 
attention to the coincidence in the limita- 
tion of the life areas or zones on San 
Francisco Mountain. In a later paper 
(1892, pp. 7-8) he gave a list of fifty-six 
authors who have proposed faunal and 
floral regions or zones for North America. 
Of the fifty-six, but one—Dr. Merriam 
himself—based his proposed bio-geograph- 
ical divisions on both animals and plants. 
The point of view of the botanists who 
had gone farthest along the road toward 
bio-ecology, was expressed by Clements 
(1905, p. 16) who noted that animal 
formations, although often poorly defined, 
do exist, and frequently coincide with 
plant formations. In his Plant Indicators 
(1920, p. 38) Clements referred to the 
growing recognition of the community as 
consisting of both plants and animals. 
Vestal (1913, p. 13; 1914, Pp. 444) gave 
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still clearer recognition to the general 
proposition that the animals and plants 
in a given terrestrial environment are 
intimately related. 

In 1915 (p. 20) Shelford, discussing the 
principles and problems of ecology as 
illustrated by animals, noted that agree- 
ment between animal communities and 
plant communities is evidently the rule. 

The same year Adams (1915, p. 157) 
referred to the vast number of smaller 
animal, or biotic communities in the 
forest, but seems to have had in mind 
animals only in his thought of the biotic 
community. 

Both Yapp (1922, p. 11) and Tansley 
(1923, p. 166) have written of the group- 
ing of plants and animals together into 
communities. But in 1929 (p. 680) Tans- 
ley believed it essential to consider the 
plant communities separately, and to 
regard animal factors as external to them. 

During the last fifteen years, the concept 
of the biotic community as an integrated 
unit assemblage made up of both plant and 
animal constituents has been growing 
apace. Wecannot stop to examine all the 
evidence and opinion; but we wish to 
point out the views of a few more of the 
active workers in the field to indicate the 
direction of the trend. 

Clements has proposed the term biome 
to embrace both plants and animals in a 
common community of living things. 
We thus have the terms vegetation or flora, 
standing for the plants; fauna or ‘‘animal 
life’’ for animals; and biome, a short and 
appropriate name for the biotic com- 
munity embracing both plants and animals. 

Beginning about 1918, a group of 
workers, largely in the western and south- 
western United States, have been giving 
special attention to the bio-ecology of the 
grassland formation and desert, with 
special reference to insects, birds, and 
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rodents. Reference to some of these 
studies has been made by Clements and 
Taylor (1923). 

In 1925 (p. 21) Weese expressed the 
opinion that ‘“The animal communities of 
a given region cannot be considered, 
logically, separately from the plant com- 
munities."" 

Studies of birds, mammals, and plants 
in many places in the west, as related to 
farm, forest, and grazing ranges, have 
unmistakably indicated the interdepend- 
ence of plants and animals. Relatively 
thorough studies have been made in plant 
ecology, bat adequate provision for work 
on animals has not been made. In 1925 
(pp. 390-393) the present writer noted the 
lack of attention to zooecology, pointing 
out that the problems of culture, main- 
tenance and administration of agriculture 
in general, and forage and forest in partic- 
ular, directly involve animals as well as 
plants. In a later paper (1927, p. 281) he 
expressed the opinion that a thorough- 
going conception of the bio-ecological 
nature of forest problems, of grazing 
problems, and of most other agricultural 
problems would lead to more certain and 
satisfactory solutions. 

In 1926 Phillips emphasized the impor- 
tant interrelations between animals and 
plants, especially as shown by the services 
of animals in dispersing the fruits and 
seeds of forest species. In 1931 (p. 14) 
he wrote: 


Throughout the . . . account I have given of the 
inter-relations of plants and animals in the Knysna 
forests, runs the golden theme that the whole com- 
munity of life is a beautifully integrated series of 
factors, responses, reactions, and co-actions. To 
remove the animals would result probably in dire 
results for the plants, to fail to include them in the 
concept of the community cuts across logic. 


Allee (1926, pp. 462-467), in his discus- 
sion of the distribution of animals in a 
tropical rain-forest, evidently assumed the 


existence of biotic communities. In 
another place, discussing needed lines of 
investigation in American entomology, 
Allee (1927, p. 439) referred to insect 
communities as abstractions, pointing out 
that really there are only biotic com- 
munities, i.e., groups of plants and animals 
which are more or less closely integrated 
into a community system. Still more 
recently Allee (1934) has used the term 
geo-bio-ecology, to indicate the complex 
relations of living things with each other 
and with their non-living environment. 

In his comparison of the animal com- 
munities of coniferous and deciduous 
forests, Blake (1926, p. 90) assumed the 
interrelationship of plant and animal life. 

Cooper (1926, p. 396) expressed the 
opinion that the strictly logical procedure 
would be to include the animal life with 
the vegetation in our communities. 

In a clear-headed review of Pearse’s 
Animal Ecology, Jones (1926, p. 504) ex- 
pressed the view that the classification 
that ecologists must eventually settle upon 
will be one in which both plants and 
animals are included in the same com- 
munities. 


THE BACKGROUND OF THE BIOTIC COMMUNITY 


Like the individual plant or animal, the 
biotic community is the product of 
environment (See Breazeale, 1927, pp. 
404-405). The organized assemblage of 
species must be adapted to its surromndings 
or it would not be here. The inter- 
dependencies between plants and animals 
are as much the products of adaptation as 
are the relations between the individual 
and its inorganic environment. 

The assumption that ‘‘plant’’ life ap- 
peared first on earth, being followed later 
by animal life, requires modification. 
Little is known about the primal forms, 
but present-day observation and experience 
support the hypothesis that plant-like and 





294 


animal-like forms have existed together 
as long as life has been in the world. The 
earliest organisms may well have com- 
bined plant and animal characteristics. 
Haeckel years ago (1904, p. 205) placed the 
most primitive living things in the protist 
kingdom. There are several simple crea- 
tures still in existence that are difficult to 
classify as belonging to either the plant or 
animal kingdoms. 

If we are to make our assumptions on 
the basis of observation, experience, and 
experiment, must we not conclude that 
the biotic community reaches far back in 
time; that the protists may perhaps be 
regarded as individuals partaking some- 
what of the characteristics of both plants 
and animals; that as the plant and animal 
kingdoms diverged their members, respec- 
tively, lived in close association, and were 
interdependent? These formed the earliest 
true biotic communities. 


THE BIOTIC COMMUNITY MAY BE COMPARED 
TO AN ORGANISM 


When the manifest and inevitable inter- 
dependencies between plants and animals 
are considered it is increasingly clear that 
it is the biotic community, and neither the 
animal community alone, nor the plant 
community by itself, that is the real entity. 
More than fifty years ago Semper (1881, 
Pp. 29, 32-33) likened the animal com- 
munity to an organism. It is well known 
that Clements (1905, p. 199) referred to 
the plant formation as an organism. 

That the individual organism and its 
environment may be regarded as the 
internal and external portions of a single 
system of material and energy was recently 
asserted by Livingston (1929, p. 1107). 
Even more accurately, it seems to the 
present writer, the biotic community and its 
environment may be regarded as the 
internal and external portions of a single 
system of material and energy. 


THE QUARTERLY REVIEW OF BIOLOGY 


One of the outstanding features of the 
Matamek conference on biological cycles, 
according to Huntington (1931, p. 234) 
was the frequency with which one member 
or another emphasized the fact that in 
spite of minor differences, the general 
reactions of man, animals, and plants are 
essentially the same. Why not? All are 
parts of a great biotic community. 

Brehmer (1927, pp. 247-250) concluded 
that the individual organism is a vast 
community in a high state of codperative 
activity. In the biotic community we 
recognize a still vaster community than 
that of any individual animal or plant, and 
indeed, embracing all animals and plants 
in a particular place. Like the individual, 
the biotic community is also in a high 
state of codperative activity. 

There are three important ways to test 
the thesis: That the biotic community 
rather than the animal community alone, 
or the plant community alone, is the true 
unit, corresponding in its development to a 
complex organism. 

(1) Trace the interrelationships between 
the component plant and animal species 
of the biotic community. If the inter- 
relationships are vital rather than inci- 
dental our thesis will be maintained. 

(2) Note what happens when a single 
species of plant or animal is disturbed or 
eliminated. If such disturbance affects 
only the species involved, or, if a plant, 
only other plants, or, if an animal, only 
other animals, our thesis will be militated 
against. If, on the other hand, far- 
reaching effects permeate the entire com- 
munity, influencing many plants and 
animals, it will be upheld. 

(3) Study the results following intro- 
duction of a foreign species of plant or 
animal. Are only plants affected by the 
introduction of a foreign plant, and only 
animals by the bringing in of a foreign 
animal, or is the entire biota influenced? 
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We scarcely need to do more than state 
these questions before the answers are 
apparent. 

(2) The interrelationships between the 
members, plants and animals, of a biotic 
community are vital, not incidental. 
Selected examples are given in a later 
section of this paper under the heading 
‘Some Interdependencies between Plants 
and Animals." 

(2) Disturbance of a single important 
species of plant or animal is likely to have 
far-reaching effects on many or all other 
plants and animals. Cut a forest and 
plants and animals generally, from the 
highest inhabited forest stratum to the 
lowest depths of the forest soil where 
organisms occur, are undoubtedly affected. 
The entire original biotic community is 
shaken to its foundations and, to a great 
extent, eliminated and replaced. Suc- 
cession begins anew. 

Overgraze a stock range and similar far- 
reaching results may ensue. The climax 
grasses tend to disappear, and various less 
valuable species become conspicuous. The 
surface of the ground is less well protected, 
and erosion and run-off are accelerated. 
The animal inhabitants, from insects to 
rodents, tend to be altered. 

Release of an overgrazed range from 
ultra heavy pressure exercises like pro- 
found effects, whether the pressure has 
come from domestic livestock or native 
grazing species like the buffalo. Many 
forms of vegetation previously suppressed 
are now released, and as they change, 
so do many of the insects, birds, and 
mammals. Our studies show that these 
changes may be of considerable sig- 
nificance. 

Tansley (1923, p. 169) has pointed out 
that there is abundant evidence that the 
destruction of carnivorous birds (hawks, 
jays, etc.) and small animals (stoats, 
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weasels, etc.) by game keepers in England, 
handicaps or destroys the chances of tree 
reproduction in many English forests. 

But elimination of important plants or 
animals is not the only kind of modifica- 
tion that exercises far-reaching effects on a 
biota. Abnormal increases in the numbers 
of particular species may have an influence 
also. As Hermann Krauch (U. S. Forest 
Service) pointed out to the writer, these 
abnormal increases themselves are due to a 
disturbance of controlling factors. The 
plagues that occurred at intervals in 
Egypt, and from which at some time or 
other few countries have been free, are 
notorious in their influence on the entire 
biotic community. Abnormal increase of 
the deer on the Kaibab National Forest in 
northern Arizona threatened the very 
existence of important elements of their 
forest habitat. 

(3) It is clear to the most superficial 
observer that introduction of exotic spe- 
cies, whether of plants or animals, may 
have far-reaching effects on the entire 
biota. 

Some of the introductions in America 
we number among our most serious pests. 
Consider the numerous pestiferous weeds, 
the boll weevil in the United States; the 
blister rust, the corn borer, the Norway 
rat, all introduced species, and all ex- 
tremely serious economically, affecting 
the status of many plants and animals, 
including man. The prickly pear in 
Australia, the rabbit in England and 
Australia, the Colorado potato beetle in 
Europe, the American gray squirrel in 
England, the American muskrat in Eng- 
land and in western Europe, the mongoose 
in Jamaica, come to mind as additional 
examples. Perhaps the chief difficulty in 
connection with introductions of this 
character is that the natural controls are 
not introduced along with the troublesome 
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species, or that the total environment in 
the new area simply does not suffice to 
keep the newcomers in their place. 

Agriculture, with its beneficial intro- 
ductions, as of the potato and numerous 
grains, fruits, and vegetables, and of 
domestic animals, has almost completely 
altered the natural biota over large areas. 

It is perhaps obvious without going 
into further detail, that introductions of 
foreign plants have had a far-reaching 
influence on both plants and animals; and 
that the introductions of animals have had 
similarly comprehensive consequences. 
In many instances the effects of introduc- 
tions of plants apparently have been more 
profoundly registered on animals than on 
plants; and the effects of introduction of 
some foreign animal have perhaps shown 
up more conspicuously among the plants 
than the animals of the region where it 
was introduced. 


There is a question, in the mind of the writer, how 
far we are justified in applying the concept “‘indi- 
vidual."" The individual organism is sometimes 
thought of as one capable of independent existence. 
But few or no organisms are capable of independent 
existence. They depend utterly, in final analysis, on 
other individuals or species. Certain termites perish 
in the absence of their symbiont protozoa. Animals 
would quickly disappear were it not for the plants on 
which they feed. Apparently there is little rugged 
individualism in nature. Plant associations or 
animal associations are abstractions, important but 
incomplete. Apparently the biotic community, the 
interacting, interrelated, interdependent, loosely or 
closely organized cooperative commonwealth of 
plants and animals in their environment, is more 
nearly an individual organism than any of its parts. 
Seemingly, the relations between organisms, and 
between the organisms and their surroundings, are so 
close and obligatory that the organic-inorganic 
complex complete is the real unit. 


THE BIOTIC COMMUNITY—SOMETHING MORE 
THAN THE SUM OF ITS COMPONENTS? 


It is a commonplace that a chemical 
element, such as hydrogen, when iso- 
lated, possesses certain properties. When 
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combined with oxygen to form water, 
however, the situation is seemingly quite 
different. The compound has character- 
istics one would never suspect from a 
study of its elements. 

In much the same way an individual 
organism or a single species possesses 
certain characteristics; but when joined 
with its fellows in a biotic community 
other qualities, often completely unsus- 
pected, emerge. As a matter of fact, as 
Wheeler (1928, p. 38) has pointed out, 
there is something fundamentally social 
in all organisms, and all organisms are at 
least implicated in some biocenose, or, as 
we would say, bioticcommunity. There 
is no such thing as a hermit organism. 

We can never learn all we need to know 
about living things by a study of individ- 
uals or even of species. Knowledge of 
the relations in which species stand to 
each other, information regarding their 
organization into biotic communities, 
are essential to an adequate understanding 
of nature. 


SOME INTERDEPENDENCIES BETWEEN PLANTS 
AND ANIMALS 


The juniper in parts of the Southwestern 
United States is apparently dependent for 
its distribution to a considerable degree on 
the sheep. (Information on sheep-juniper 
relations furnished by C. K. Cooperrider, 
U. S. Forest Service.) The seeds of the 
juniper pass through the sheep and are 
distributed in areas previously not occu- 
pied (recently at least) by the juniper. 
The sheep also tend to weaken the grassy 
and herbaceous growth of the region, thus 
lessening its ability to compete with the 
juniper, and paving the way for the estab- 
lishment of the aspiring juniper seedling. 

On the Santa Rita Experimental Range, 
near Tucson, Arizona, as on all grassy 
range country, the destiny of the herds of 
livestock is dependent on the welfare of 
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the grasses on which they principally 
feed. The grasses in turn, depend for 
their own future status on the livestock. 
If stocking is too heavy, the climax 
perennial grama grasses are replaced by the 
annual ‘“‘sixweeks’’ gramas and needle 
grasses, as well as a variety of weeds. 
Even the native rodents (especially the 
jack rabbits and banner-tailed kangaroo 
rats) are concerned here. Where, as a 
result of over-grazing, the vegetation is 
having a struggle to maintain itself, 
rodents alone may be sufficiently influen- 
tial to turn the tide back from the more 
palatable and valuable climax stages to the 
relatively worthless secondary stages of 
vegetation. 

On an overgrazed range on the Wichita 
National Game Preserve, Weese found 
certain insects many times as numerous 
as in the climax stage of vegetation. 
Rodents are notably more numerous in 
the mesa and semi-desert types on the 
Santa Rita Experimental Range than in 
the better-grassed foothill types. There 
is accumulating evidence that certain 
rodents and insects may sometimes be 
both a cause and an effect of over-grazing. 
A cause, for where they are numerous they 
do cut down the vegetation, and tend to 
accentuate the overgrazed condition, espe- 
cially during periods of extreme drought. 
An effect, for where, for any reason, over- 
grazing has developed, and the secondary 
herbs and grasses come in, certain insects 
and rodents also tend to increase. 

Reference has already been made to the 
effects of forest removal. Where a forest 
is clearcut, and thereby the dominant 
species of plants (the timber) removed, 
there obviously follows a profound change 
affecting every other plant and animal in 
the area, as well as the physical and 
chemical factors of the site. Even the 
microclimates of the soil and the surface 
strata of atmosphere are modified. 
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In parts of Africa man may be affected 
by the highly fatal disease, sleeping 
sickness, the germ of which, a protozoan, 
is transmitted by an insect, the tsetse fly. 
But this is not the whole story. The 
tsetse fly is abundant where there is 
““‘bush"’ or forest; in fact, clearing the 
vegetation around the native villages is 
receiving attention as a control measure. 
Phillips (1930, pp. 217-219) gives an 
account of a deciduous scrub, of which the 
genera Grewia, Pseudoprosopis, Bussea and 
other plants are members. This scrub 
community harbors few game animals and 
appears to form a barrier to the advance of 
the tsetse. The chain of causes and effects 
in relation to sleeping sickness again cuts 
across the bounds of the plant and animal 
associations and is clearly seen to be bio- 
ecologic in its nature. 

Darwin (1898, p. 66) has pointed out 
that the dependency of one organic being 
on another lies generally between things 
remote in the scale of nature. This gen- 
eralization is illustrated in every biotic 
community and is a strong argument for 
the naturalness and validity of the biotic 
community concept. The flowering plant 
depends on the bee. Growing vegetation 
depends on the soil organisms, probably 
always including animals, which keep the 
complex structure of the soil in suitable 
condition for the support of vegetation. 
The deer depends on the browse plants of 
its habitat. The bark beetle depends on 
its forest tree host. The mourning dove 
requires the seeds produced by numerous 
herbs. The carnivores depend on the 
herbivores, which themselves depend on a 
variety of plants, which, frequently or 
nearly always, depend on soil animals, 
and so on in a great physical-chemical- 
biotic circle of relationships. Man him- 
self, in his food and shelter requirements, 
illustrates a hundred times a day his 
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dependence on things remote from him in 
the scale of nature, mostly plants. 


FUNDAMENTAL INTERDEPENDENCIES BE- 
TWEEN ANIMALS AND PLANTS ARE USUALLY 
MORE OBLIGATORY AND INEVITABLE THAN 
THOSE BETWEEN PLANTS ALONE OR BE- 
TWEEN ANIMALS ALONE 


Although in numerous instances insects 
are parasitic on animals, and predatory 
animals dependent on plant-feeding crea- 
tures, nevertheless many or most animais 
are obviously more dependent on certain 
plants of their environment than they are 
on any other animals, for food, or for 
shelter, or both. It is just as obvious that 
many plants are more dependent on certain 
animals than they are on any other plants. 
We have only to recall the dependence of 
the flowering plant on the bee or moth or 
bird, which cross-pollinates it, to see how 
the matter works out in a ‘considerable 
number of cases. Pickens (1929) has 
recently shown that in California the 
white sage (Ramona polystachya), which is 
pollinated by a large bee (CXylocopa), 
nevertheless occurs in some localities 
where this species of bee is absent. In such 
localities, the Costa hummingbird (Calypte 
costa) functions in the transfer of the 
pollen. 

The relation of the Pronuba moth to the 
Spanish bayonet (Genus Yucca) of the 
Southwestern deserts has been made known 
by Riley and his associates (see Folsom, 
1922, p.222). Jepson (1910, pp. 169-170) 
has summarized the situation as follows: 
The flowers are incapable of self-pollina- 
tion. Each species of Yucca is dependent 
on a particular species of moth. 

“The female Pronuba works by night, collecting 
the pollen from the anthers and rolling it into a little 
ball; she then flies to the flower of another plant, 
desposits her egg in the ovary, and then in a manner 
which seems to indicate that her actions are full of 


purpose and deliberation climbs to the style and 
thrusts the pollen ball far down the stigmatic tube. 
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The larva destroys about a dozen seeds, but even if 
several larvae develop, many perfect seeds are left." 


Literally thousands of plant-animal re- 
lationships, as obligatory as the examples 
given, are well known to science. 

A plant attacked by certain insect pests 
is or may be vitally dependent on para- 
sitic enemies of the pests and on insec- 
tivorous reptiles, mammals, and birds. 

An instance of interdependence is that 
of the carnivorous plants, including the 
sundew (Drosera) and its associates in the 
Droseraceae (also Pinguicula and Nepen- 
thes), which capture, digest and absorb 
animal matter; and Ufricularia and its 
close allies, which, while they cannot 
digest animal matter, nevertheless absorb 
the products of decay of the animals they 
capture. For a full discussion of these 
species, consult Darwin (1889). 

The citrus industry in southern Cali- 
fornia is to a large degree dependent on a 
certain lady-bird for its very existence, for 
thecottony cushion scale, otherwise, would 
limit or perhaps wipe out the oranges, 
lemons, and grapefruit. The lady-bird is 
so effective an enemy of the scale, however, 
that the ravages of the latter are negli- 
gible. 

Another California industry of large 
proportions, namely, the culture of the 
Smyrna fig, is dependent on a plant-animal 
relationship. The superior flavor of the 
Smyrna fig, explains Folsom (1922, p. 
428), results from the presence of the ripe 
seeds which result from fertilization. 
This process is accomplished by a tiny fly 
of the genus Blastophaga, which develops 
in the gall-like flowers of the wild fig. 
The winged female, emerging from the gall 
covered with pollen, enters the young 
flowers of the Smyrna fig to lay its eggs, 
and in the process pollenizes them. 

The welfare of plants is closely related 
to soil conditions, and soil conditions are 
intimately linked up with the number of 
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earthworms, burrowing rodents, ants, 
and other soil forms, large, small, and 
smaller. 

Many plants are more or less dependent 
on fruit and seed-eating species of animals 
for planting their seeds, and particularly 
for the extension of their ranges. 

Plants in general are somewhat depend- 
ent on animals for the very carbon dioxide 
which they require for their photosyn- 
thetic processes, although this relationshp 
is doubtless of slight importance. 

Willis (1922, p. 203) referred to animals 
as a function of plants, indicating his 
appreciation of the intimate interrelation- 
ships of the two kingdoms. 

Obviously all the herbivorous animals 
are dependent on their food plants, 
probably more closely, in at least the vast 
majority of cases, than on any other 
animals. Animals requiring certain plants 
for shelter are also more dependent on 
such species of a different kingdom than 
on any other animals. Even carnivorous 
animals are indirectly dependent on plants. 

There would be no need to labor a point 
that is a biological commonplace were it 
not that much biological work, involving 
both theory and practice, has been done 
on the theory that plants and plant com- 
munities are separate and independent 
from animals and animal communities. 


GRADES OF BIOTIC COMMUNITIES 


Biotic communities may be graded, 
according to their size and complexity. 
One may give attention to the biotic 
community in a fence-post, or in the 
intestine of a cat, or under a stone in a 
running stream, or in an ant mound, or in 
the nest of a mouse or a bird. 


Some of the lesser biotic communities are of sur- 
passing interest. Take the communities in such 
places as the dens of the banner-tailed kangaroo rat 
in the arid Southwestern United States. These dens 
are the world of action for a number of insects and 
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soil organisms, a refuge and shelter for several reptiles 
and even mammals. Organisms are relatively abun- 
dant in the worked earth of the kangaroo-rat den, 
while relatively rare outside. A number of animals 
habitually and characteristically use and take refuge 
in the dens. This is true of certain snakes, especially 
gopher snakes and racers. It is also true of Gila 
monsters, and a number of other lizards, including the 
delicate banded gecko (Coleonyx variegatus). There is 
thus a rich community represented in these dens, 
including members of widely diverse animal groups, 
as well as doubtless many bacteria and other plants. 
All depend for food on their animal confréres, or on 
the accessible vegetation or animal life within or in 
the neighborhood of the den, or on decomposition 
products from some of these other sources. 


On the other hand one may enlarge his 
view and regard the biotic community 
of a particular stream-side or pasture, or 
pond, or bay, or field border, or wood lot. 
Or he may still further expand his vision to 
embrace the biotic community of some 
vast forested area, or extended grazing 
range, or a particular life-zone, region, or 
realm, or say, of a continent or the ocean 
itself. Biotic communities vary in size 
and complexity from the circumscribed 
assemblages in closely restricted habitats 
to the largest biotic community, compris- 
ing all living forms on earth. 

Conceived in this manner, one should 
have no particular difficulty with the 
problem of wide-ranging forms of animals, 
as the mountain lion (Felis concolor and 
related forms), badger (Taxidea taxus), 
and others, which occur rather indiffer- 
ently in the hot, low country along the 
Rio Grande and Lower Colorado River, 
and in the cold zones of the Sierra Nevada 
of California and the Mogollons of 
Arizona and New Mexico. These mam- 
mals and a number of plants also, occur 
as members of a more extended and 
extensive biotic community than the 
others. Longstaff (1932), after an eco- 
logical reconnoissance in West Greenland, 
wrote: “It is striking how little the 
animals fall into definite communities and 
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how few habitats have exclusive species.’ 
The wide-ranging species are ecologically 
adaptable. We must fit our biotic com- 
munities to the organisms composing 
them, and not the other way around! 

Man himself is a significant example of a 
wide-ranging form. One way or another, 
by carrying special equipment for securing 
necessary food and shelter, he is able to 
adapt himself to a wider range of environ- 
ments than any other creature. He is at 
present the most prominent and in many 
respects the most powerful member of the 
world biotic community. His risks, op- 
portunities, and responsibilities are cor- 
respondingly great. 

It is probably true that no biotic com- 
munities in the world are ‘‘closed"’ in the 
sense that they are completely cut off one 
from another. Life exists in the simili- 
tude of a vast interrelated network, 
terrestrial and subterranean, aerial and 
aquatic. Any biotic community which is 
less than the world community is at most 
an incomplete and somewhat artificial 
thing, with arbitrary lines drawn for con- 
venience in treatment. Ecology, in 
usually dealing arbitrarily with its mate- 
rial for study, is like every other science. 
All we can do, with our finite capacities, 
is to investigate and explore as best we 
may the tiny corner of the universe to 
which we have immediate access. But our 
arbitrary divisions should not blind us to 
the essential unity of all nature. 


ANNUAL AND SEASONAL VARIATIONS IN THE 
MAKEUP OF BIOTIC COMMUNITIES 


The species composition of the biotic 
community, especially on the animal side, 
is variable according to the season of the 
year. (Phenomena of biotic succession 
are of course not here discussed.) At one 
season, for example, a host of migratory 
birds, or perhaps of insects, may quite 
markedly alter the aspect of the com- 
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munity in any given place. While it is 
quite proper to include wide-ranging and 
migratory forms in the communities 
where they are found at any time of year, 
the basic structure of the biotic community 
is probably builded chiefly by the species 
that breed or reside permanently therein. 
Thus the western robin (Turdus migratorius 
propinquus) may be a member of the biotic 
community of willow-bordered bottoms 
at Tucson, Arizona, in winter, though its 
ecologic importance may not be very 
great there. It is a much more important 
member of the streamside subdivision of 
the yellow pine biotic community of the 
nearby Santa Catalina Mountains in 
summer. For there it is a breeding bird. 
It is true that in regions like the Gulf 
coast, where migrant birds concentrate in 
great numbers in winter, these non- 
breeders may as it were set the pace for the 
biotic community the year through. In 
general, however, the resident or breeding 
substratum of animals and plants is of 
fundamental significance. 

The influx at certain seasons of the year 
of wide-ranging or migratory birds or 
mammals is somewhat analogous to sea- 
sonal aspects which we observe in the 
flora. 


Plants avoid or escape unfavorable seasons by 
becoming quiescent, either as seeds, spores, bulbs or 
other underground parts, or sometimes as resting 
stages both above and below ground. Some animals, 
as insects, amphibians, reptiles, and hibernating 
mammals also avoid inimical conditions by becoming 
quiescent. Most warm-blooded species cannot do 
this, but must migrate. From our standpoint, there- 
fore, the processes are strictly analogous, as both aim 
to secure the same thing, namely, survival in a partic- 
ular geographic area where otherwise survival 
would be impossible. 


In the southern Arizona region, there 
are no less than 122 annual plants that 
appear above ground only in winter 
(Thornber, 1909, p. 104). Among these 
are such forms as Amsinckia intermedia, 
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Erodium texanum, Gilia (several species), 
Lupinus leptophyllus, Mentzelia aspera, Pha- 
celia distans, Oenothera (several species), 
Avena fatua, and numerous others. There 
is a considerable list, in the same region, 
of winter birds, including the western 
robin, Audubon warbler, ruby-crowned 
kinglet, American pipit, Gambel sparrow, 
and Brewer sparrow. Certain plants in 
the same district grow only under the 
influence of the summer rains, and a large 
number of birds appear only during the 
spring and summer period, when they 
breed. A number of the reptiles, am- 
phibians, and insects, also, become active 


in summer only, constituting another 


phase of a truly seasonal aspect of the 
biotic community. 

Variations occur in the vegetation and 
the animal life from year to year also. 
For example, on the Santa Rita Experi- 
mental Range, near Tucson, Eschscholtzia 
mexicana flowers in profusion during some 
winters, while in other years only a few 
plants appear. Similarly, the western 
robin only seldom appears abundantly in 
Tucson in winter. The cedar waxwing 
occurs irregularly also, occasionally be- 
coming quite numerous, while at other 
times it does not appear at all. 

The extreme deserts afford special cases 
of seasonal and annual variations in biotic 
communities. Buchanan (1921, pp. 104, 
217) in his explorations of Air in the 
southern Sahara region north of Nigeria, 
found the neighborhood of Takoukout 
very dry in March at the margin of the 
bush where it gives way to the desert. In 
August, after the advent of “‘rains,"’ a tall 
rank grass sprang up, the acacias produced 
leaves, and the Dama gazelles migrated 
northward into the desert margin to feed 
on the fresh delicate grasses. Waterfowl 
also appeared. The country was vastly 
changed from the open barrenness it 
possessed in the dry season. Somewhat 


similar observations were made by Thomas 
(1931, p. 220) in the great desert of 
southern Arabia. Settled life is nowhere 
possible, because of a lack of pasture. 

. good pastures are nowhere perennial 
and sufficient. Vast tracts of desert are at 
any one time utterly destitute of herbage, 
and the abode of death for him who 
loiters."" But certain nomadic tribes do 
penetrate the remoter central sands in 
search of grazing following rains. These 
instances emphasize the fact that the 
composition of the biotic community is 
in places highly variable in accordance 
with climatic and weather conditions. 
Conditions of soil and climate set the 
possibilities. More or less fixed is the 
vegetation present in these desert areas 
over long periods of time, in the form of 
spores, seeds, or other dormant plant parts. 
When the rains come, certain plants appear, 
and taking advantage of these there 
appear or move into the country a con- 
siderable number of insects, birds, herbivor- 
ous animals, flesh-eaters to feed on the 
herbivores, and even man himself. In 
such cases the most visible and conspicuous 
(perhaps sometimes the most important) 
parts of the biotic community may be its 
mobile and migratory rather than its 
fixed portions. 

In the semi-desert and some of our 
desert grassland types in the southern 
Arizona region we consistently observe 
this mobility, according to season, of 
portions of our biotic communities. The 
summer rains are very irregular. Where 
they fall, there develops a relatively rich 
biota. In dry parts of the area, missed by 
the summer showers, the lands remain 
bare and seemingly nearly lifeless. 

The variable composition of the biotic 
community according to the season is 
illustrated not only by the extensive areas 
mentioned, but in lesser habitats as well. 
Thus Holmquist (1928, pp. 83-84) has 
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given an interesting list of co-inhabitants 
of nests of the mound-building ant 
(Formica ulkei) near Chicago. (These 
include Annelida, Crustacea, Arachnida, 
Mpyriapoda, Collembola, Homoptera, Ortho- 
ptera, Coleoptera, Diptera, and Hymenoptera.) 
Most were attracted to the burrows for 
over-wintering purposes. The ants drive 
most of them out when they themselves 
become active. 

In three papers on the insect inhabitants 
of bird houses at Bell, Maryland, McAtee 
(1927a and b; 1929) has listed a consider- 
able number of animals, including a few 
species that occupied the nest to the 
exclusion of birds and many others that 
were in the nests at the same time as the 
birds. ‘“The insects (and mites) con- 
cerned included parasites of the birds, 
and scavengers in the nest which them- 
selves attracted other parasites and pre- 
dators."” (19274, p. 87.) The nests were 
resorted to extensively in winter also 
(1927b, pp. 180-184). 

The seasonal aspects and the annual 
variations of the biota are usually, perhaps 
always, dependent on or interrelated with 
a solid stratum of resident forms both of 
plants and animals. The groups which 
appear only at certain seasons or during 
certain years may be regarded as intrinsic 
parts of the biotic community of a partic- 
ular area, which reach expression only 
under favorable circumstances (as in the 
case of certain resident plants and animals 
which are quiescent or active according 
to environmental conditions), or as items 
from the outside of the biotic community 
which temporarily, but in an entirely 
normal manner, flow into and become a 
part of it (migratory species). The varia- 
tions in aspect and appearance then of the 
biota in a particular area apparently are 
not due to replacement of the biotic com- 
munity of the area by other biotic com- 
munities from outside, but to varying 
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expressions according to year and season 
of the biotic community itself in place. 
Each biotic community is a ‘‘function” 
of a geographic area or other locality or 
place characterized by a particular set of 
topographic, edaphic or environmental 
conditions. And these environmental in- 
fluences, coupled with the accident of 
access, account for the presence of living 
individuals and communities. 

Under the agricultural conditions pre- 
vailing over much of the earth's surface, it 
often happens that the seasonal or cyclical 
influents are of considerable economic 
importance. Blackbirds of several species 
may attack the fall rice fields on the Gulf 
coast or in central California, or the 
seventeen-year cicada may assume plague 
status in the Middle West. 

Biotic succession, through reaction of 
the organisms themselves and associated 
physiographic processes, results in orderly 
replacement of successive stages in the 
biotic community until the climax is 
attained. Of course, if and when the 
climate changes, the climax must either 
migrate or undergo elimination and re- 
placement. Thus during the advance of 
the glacial ice there was entire replacement 
of the climax biotic communities in 
temperate areas by those characteristic of 
colder regions. As the ice retreated, the 
reverse process took place. Short-time 
changes in local biotic communities may 
appear as the climatic cycle swings back 
and forth. Of course there is no perma- 
nent environment or climate, and conse- 
quently there are no unchanging biotic 
communities. The whole relation of com- 
munity and environment is dynamic, 
not static. 


ECONOMIC ASPECTS OF THE BIOTIC COM- 
MUNITY CONCEPT 


The concept of the biotic community 
(as opposed to that of the plant com- 
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munity alone or the animal community 
alone) possesses important economic as 
well as theoretical implications. The- 
oretically, of course, it avoids the erection 
of a barrier between plant studies and 
animal studies, which after all should not 
exist. In actual practice, the concept 
tends toward a well-rounded view of 
natural resources that cannot help but 
promote their better conservation and 
wiser use. 

It is hard to segregate satisfactorily the 
factors operating to modify a vegetation 
or a biotic community. Perhaps it is not 
always necessary. It is highly essential, 
however, to recognize as many as possible 
of the component factors leading to an 
observed condition. Otherwise research 


may, through too great concentration on a 
single aspect, miss some of the critical 
influences involved; and administration, 
through imperfect understanding of the 
community as a whole, may, in attempted 


care for the resource on which attention is 
concentrated, neglect and even waste 
other resources of equal value; may, 
indeed, jeopardize the future conservation 
of all the resources, including the one that 
had previously been singled out. 

An interesting example of what I mean 
is afforded in the far Southwestern United 
States—although the problem is not 
restricted to these States!—where forest, 
range, wild life, and agricultural develop- 
ments, all stand to lose if the problems of 
water conservation and accelerated erosion 
are not solved. 

The farm is properly an ecological 
enterprise. The ideally diversified farm 
is one on which there has been set up an 
artificial but well-balanced biotic com- 
munity. Corn is grown for the hogs, and 
pasture grass for the cattle. Manure from 
the barns is returned to the land as fertil- 
izer. The bees live on the nectar of 
flowering plants, which in turn are fertil- 
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ized through the agency of these insects. 
Both plant and animal products go to 
sustain the life of the farm families. The 
less well-balanced the biotic community 
on the farm, the more precarious its 
economic future. The one-crop farmer, 
for example, while standing to make 
more money when times are good, is 
likely to run short perhaps a greater part 
of the time. What is so obviously true 
of the farm is equally true of science and 
administration of natural resources as a 
whole, in America and the world over. 
Just as the farmer's present and future 
prosperity depends on science, intelligence, 
cooperation in ever-larger units, and a 
well-balanced biological enterprise on his 
lands, so the welfare of the human race 
depends on science, intelligence, breadth 
of view, cooperation in ever-larger units, 
scientifically and administratively, and a 
well-balanced maintenance, development, 
and use of world natural resources. 

The forest is not merely a stand of trees. 
It is really a biotic community and is 
being increasingly recognized as such. 
The forest manager who confines his 
attention to purely silvicultural aspects 
will not, in the long run, secure maximum 
returns from the land for which he is 
responsible. On the other hand, where 
forest management embodies care, not 
only for the trees, which must produce a 
part, perhaps the greater part, of the 
income, but also for the grasses and other 
plants of the forest floor (from which 
grazing fees may perhaps be derivable), 
for the wild life (from which game, fur, 
and recreational and other economic 
advantages may come), and for the soil 
(from which, ultimately, all the resources 
are derived)—where forest management 
embodies adequate care for all these fea- 
tures, forest management is sure to reach 
its maximum productivity. 
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The program of President Franklin D. Roosevelt 
and the Congress of the United States (spring 1933) 
to give work to 250,000 of the unemployed in re- 
forestation affords an opportunity, perhaps of its kind 
unparalleled in the world's history, for application 
of ecological information. Inescapably linked with 
the field problems of the vast reforestation enterprise 
will be considerations of soil, plants now on the 
ground, probable effects of insects, rodents, predatory 
animals, birds, and game species on the seeds or seed- 
lings, status of grazing by domestic stock, and the 
probable incidence of fires. Every one of these 
difficult problems is ecological in essence. Indeed, 
the success of this ambitious and promising project 
will largely depend on the degree to which its leaders 
possess the ecological point of view and succeed in 
getting it applied in practice. 


Similarly with wild-life regulation. 
The conservation agency that gives its 
attention exclusively to particular game 
species will, in all probability, expend a 
great deal of money and effort. It may 


make a record for aggressive activity—but 
it is quite likely to fail in permanently 
improving the game resources of the 


State. In the past, game species have 
been repeatedly introduced, at great cost, 
only to disappear. Instances of wasteful- 
ness, due principally to ignorance, are all 
too numerous in the wild-life field. The 
scaled quail, native of the arid area about 
Eagle Pass, Texas, was once liberated at 
Aberdeen, Washington, where the humid- 
ity and rainfall are high. Result, failure. 
The Chinese quail, a migratory species, 
has been several times introduced in con- 
tinental America. Result, failure. The 
only safe course to follow in wild-life 
management is to give attention to the 
entire biotic community in its environ- 
ment. Conservationists in increased num- 
bers realize that a ‘‘wild-life’’ agency, 
previous to any proposed introduction of 
wild species, should find out whether the 
place proposed to be filled by the species 
to be introduced is already occupied by a 
mative species. The climatic, soil, and 
all the complicated plant-animal relation- 
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ships should be given the closest attention 
and detailed study. Similar consideration 
should be given desirable species of game 
threatened with decrease or even possible 
extinction. Instead of thinking of pro- 
tection solely in terms of bag-limit laws, 
seasons, and predators attention should 
be given to the entire complex, especially 
food and shelter. Since the food and 
shelter will largely come from plants, we 
again encounter the biotic community 
head-on. Surpluses of game in some 
areas have developed as a result of malad- 
ministration due to lack of applicable 
ecologic data. Increased numbers of citi- 
zens are realizing that wild life administra- 
tion should be in the hands of capable 
trained biologists, and that, to secure the 
most satisfactory results, such officials 
must be liberally supported and kept on 
the task regardless of politics. 

A vast area in the United States, indeed 
more than a billion acres, is devoted to 
range and pasture. Range management, 
being concerned with animals (livestock) 
on the one hand and forage on the other, 
obviously has to do with a biotic com- 
munity of tremendous material value. 
The stock business introduces new species 
(domestic livestock) into natural biotic 
communities already often in a delicate 
balance. The consequences of the *‘fumble 
and success’’ methods of the past have 
little to recommend them. Frequently 
they have been disastrous, both to forage, 
wild life, and livestock. Farsighted range 
specialists now see that range management 
must not confine its attention to animal 
husbandry and strictly forage plants alone, 
but must consider every phase of the biotic 
community (natural and artificial) in- 
volved, since this is all a part of the 
essential environment. 

A significant sphere in which the bio- 
ecological point of view promises im- 
proved results is that of watershed ad- 
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ministration. As a rule engineers of high 
technical competency are in charge of 
reclamation and irrigation enterprises. 
Inflowing streams are carefully measured, 
the capacity of the storage reservoir 
closely estimated, the construction of the 
dam planned to the last detail. The 
problem of financing the project over a 
considerable term of years is also elab- 
orately and minutely calculated. 

But other things than strictly engineering 
and financial aspects are involved in the 
long-time maintenance of reclamation 
projects. For example, what is the con- 
dition of the soil-binding vegetation on 
the watershed? Is livestock being per- 
mitted to overgraze the watershed, thus 
removing the protective soil cover, pro- 
moting accelerated erosion, disastrous 
flooding, and rapid filling of the reservoir 
with silt? Who lives on the watershed 
and what effect will this human popula- 
tion have on the project? What are the 
rodent, game, and recreational aspects of 
the watershed? Proper administration of 
the watershed, on the principle of greatest 
good to the greatest number, depends on 
careful weighing of values, taking into 
account all aspects of the biotic com- 
munity in its environmental setting. If 
the engineer-in-charge possesses elasticity 
of mind and real breadth of vision, well 
and good. He will call into consultation 
bio-ecologists and will shape his plans 
accordingly. 

Even the social and economic relations 
of man himself would vastly benefit from 
the bringing to bear on his problems of the 
bio-ecological viewpoint. The present- 
day tendency to treat sociology on an 
ecologic basis is sound. 

Bio-ecology is responsible for two gen- 
eralizations of profound import to the 
welfare of the human race. (1) Man 
cannot live to himself alone, but must 
care for the trees and grasses, the animals, 
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and the world’s inorganic resources as 
well, all of which are so vital to his exist- 
ence. If man unwisely disturbs his envi- 
ronment he may hurt himself most. (2) 
Man is a member of the world biotic 
community and is affected, for better or 
for worse, by changes taking place in the 
status of his own or other species or their 
surroundings anywhere in the world. 
The implication is that in scientific inter- 
nationalism lies the hope of the future; 
that recognition of the essential oneness of 
man and his total environment is essential; 
that true progress can be made only by 
advancing the interest of humanity every- 
where. 


SUMMARY 


Ecologists the world over are recogniz- 
ing in the biotic community (all the plants 
and all the animals in a given unit of 
environment) the true natural unit of 
organic life rather than the animal com- 
munity or the plant community alone. 

Ecology is the science of biotic com- 
munities as related to their environment. 

The complex known as the biotic 
community may be compared to an 
organism, possessing a beginning, a de- 
velopment, and an end. 


Dr. W. B. Bell of the Biological Survey suggests 
that the final term of a particular biotic community 
is properly not an ‘‘end’’ but rather the termination 
of a cycle, that even the life of an individual organism 
does not normally ‘‘end’’ but flows on unbroken 
from one generation to the next. This is equally 
true, of course, of the biotic community. 


It should be pointed out that the 
community that may be compared most 
adequately to an organism is the biotic 
rather than the animal community (Sem- 
per) or the plant formation (Clements, 
earlier papers). 

Plants and animals are interdependent; 
indeed, animals are likely to be more 
dependent on plants than on other animals, 
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and plants more dependent on animals 
than on other plants. Systematically, the 
closest relationships are with the creatures 
mearest in the line of descent, i.e., an 
animal is most closely related to some 
other animal. Ecologically, the closest 
relationships are likely to be with some 
species remote in the line of descent, i.e., 
an animal is most intimately dependent 
upon a plant, and vice versa. 

Biotic communities cannot be rigidly 
defined or classified. They are of all 
grades, from the closely circumscribed 
communities in limited localities, to the 
world biotic community including all 
living forms. The problem is not to make 
living creatures fit any special scheme of 
biotic communities, but to make the 
biotic communities conform to living 
organisms. 

Seasonal and annual variations in the 
biotic community are conspicuous and 
often important. Groups of organisms 
which appear in a given biotic community 
only at certain seasons or in certain years 
may perhaps best be regarded as intrinsic 
parts of the biotic community which 
reach expression only under favorable 
circumstances. 

The concept of the biotic community 
possesses far-reaching implications in all 
the enterprises of economic biology, as 
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forestry, range administration, wild-life 
management, and agricultural operations 
generally, not to mention in detail the 
social sciences. 

It is not too much to assert that bringing 
to bear the bio-ecological point of view 
offers the best assurance we can have that 
each unit of area will be so administered as 
to produce at a maximum and still main- 
tain its capacity to produce. The em- 
phasis placed by bio-ecology on organism 
and environment as a great unitary 
system is an inspiring one, and should lead 
to a more profound insight into many 
problems in diverse fields of human 
interest and larger contributions to human 
welfare. 
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DIFFERENTIAL REPRODUCTION IN CHINA 


By HERBERT D. LAMSON 
University of Maine 


INTRODUCTION 


HE problem of differential repro- 
duction, ot differential fertility as 
it is termed by some and défferen- 
tial fecundity by others, has been 
studied by eugenics and by sociology for 
some time as it concerns the different 
social classes. A considerable body of 


literature in this field has accumulated, 
the results of which, for the most part, 
seem to,show that the upper economic 
classes in Western society are not repro- 
ducing themselves as rapidly as are the 


lower. Since there are many data to 
show that it is from these upper economic 
classes that a larger proportion of men of 
superior ability is produced, the conclusion 
is reached that this situation is dysgenic. 
It is not the purpose of the writer to go 
into this matter for Western countries, 
but rather to bring forth evidence con- 
cerning this problem as it reveals itself 
in China. While at the outset it must be 
admitted that statistics for China are few 
and probably not as reliable as those in 
the West, yet there is material worth 
considering and which gives us a picture 
somewhat different from that found in the 
West. I shall try to show that in China 
the upper economic classes have more 
children per family than the lower eco- 
nomic classes; that modern education 
tends to increase rather than to decrease 
the number of offspring per family. 
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SIZE OF FAMILIES FROM WHICH 
STUDENTS COME 


There have been a few studies of small 
groups of families of students in China 
which give us some idea of the number of 
children in families of the middle and 
upper economic classes. These studies 
have been carried on among Middle School 
and College students who have to pay a 
considerable amount in school fees, which 
fact automatically selects them as being 
not of the class of coolies, factory opera- 
tives, or other very low income groups. 
The fact that these data were secured 
through the students themselves means 
that only families with at least one child 
could be included. The figures which I 
shall quote in this section will, therefore, 
represent only families which have at 
least one child and which belong to the 
classes able to send their children to 
Middle School. It will be observed from 
a study of Table 1 that in the six studies 
of families of Middle School and College 
students the average number of living 
children falls in general between four and 
five; the average number of dead children 
between one and one-half and two; and 
the total births a little more than, or 
approximately, six. It is quite likely 
that in these families a certain number of 
miscarriages, stillbirths, and abortions 
have been omitted through failure of the 
reporting students either to know or to 
state such facts concerning the puerperal 
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history of their mothers. Thus it is 
quite likely that the total number of 
births reported is smaller than the total 
number of pregnaneies occurring. That 
differentials prevail even within this 
fairly homogeneous group of families 
will be shown later when the education 
of the parents is analyzed. 


SIZE OF FAMILIES AMONG LOWER 
ECONOMIC GROUPS 


For the moment let us leave the edu- 
cated families and turn to lower economic 
groups. I have gathered into a table a 
number of scattered studies made in China 
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had been married an average of 5.5 years; 
whereas the 3,042 having children had 
been married 14.5 years. But even these 
having children, and having been married 
nearly fifteen years, had only 1.8 living 
offspring, and a total of 2.7 births. It is, 
of course, possible that these fathers 
omitted some pregnancies which occurred 
in their families but which did not result 
satisfactorily. 

Dr. Lennox made another study of fam- 
ily size, but this time he investigated the 
number of children of a highly educated 
group,—171 modern-trained Chinese phy- 
sicians whose average age was 36.2 years 


TABLE 1 
Average Number of Children in Families of Middle School and College Students in China 





AVE. NO. 
LIVING 
CHILDREN 


NUMBER OF 
FAMILIES 


AVE. NO. DEAD 


CHILDREN TOTAL BIRTHS 








252 
310 

1778 

1781 
800+ 
473 


4-32 1.62 5.93" 
3-98 1.79 5-75°* 
4.81 * bd 

5-03 1.60 6.63 
4-41 2.10 6.51 


4-22 1.74 5-96 














* Griffing’s totals do not exactly represent the sum of the two parts within .o2, but these are as he gives the 


total averages. 
# Data relative to dead children not secured. 


aiming to discover the reproduction rate 
among such families. In Table 2 atten- 
tion is called to the relatively small num- 
ber of living children which, even in those 
families in which the marriage has lasted 
for eighteen or twenty years, never rises 
above three, although the cases of Gray, 
Griffing, and Lamson comprise only fam- 
ilies having children and where the infor- 
mation is secured through the mothers 
chiefly. 

In the study of 4,000 married men made 
by Dr. Lennox he found, as these men came 
to the out-patient department of the Pei- 
ping hospital, that 958 had no children 
(24 per cent). This group of 958 men 


and who had been married an average of 
11.1 years. This group of men had 3.46 
living children. Thus we note that this 
selected educated group (probably also 
from rather well-to-do families) had as 
the result of 11 years of married life nearly 
twice as many living children per family 
as the 3,042 married men of lower eco- 
nomic class who had been married more 
than three years longer, on the average 
(11). In this connection Dr. Lennox com- 
ments, ‘‘Even though educated Chinese 
are not married until age 25 (Chinese 
count) they have children at a rate which 
will give seven children to the family, if 
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marriage lasts through 21 years of the 
wife's child-bearing period." 

Returning to the study of 4,000 lower 
class fathers by Dr. Lennox we find that, 
taking the 1,148 fathers who were married 
before they were 26 years old and married 
more than 15 years, there were 3.4 children 
on the average per father. Of these 1.1 
had died leaving 2.3 living per family. 
The author concludes, “‘On the whole, 


Seven are married but have no children; 
two are unmarried; and two are in their 
first pregnancy. We have included only 
the 63 in the last line of the table. The 
72 amahs were asked whether or not they 
desired any more children, to which 39 
replied negatively, and 33 affirmatively. 
The data for those mot desiring further 
offspring are as follows: average age, 42.5 
years; average pregnancies, 3.89; average 


TABLE 2 
Number of Children of Middle and Lower Economic Groups and Those with Little Education in China 





NO. OF 
‘AMILIES 


INVESTIGATOR TYPE OF FAMILIES FP. 


AVE. AGE OF 
LIVING PECIFIED 
CHILDREN 


AVE. DEAD |AVE. TOTAL s DURATION OF 
CHILDREN | CHILDREN PARENT MARRIAGE 





Peiping lower & 
middle 


Lennox (7) 


1.4 . ‘ 32.8 


years years 


12.3(A) 
Fath 





1.8 ; ‘ ? 


14.5 (B) 





Charity hospital 
mothers 


Gray (8) 


2.3 ’ ‘ 20.0 





Hammond & | Peiping largely 
Hsu (9) middle 


2.6 





Griffing (2) Rural uneducated 


Mother 39 | At least 20 
or over years 





Lamson (10) Amahs’ mothers’ 


children 


2 Families 
probably 


complete 





Lamson (10) Amahs’ own chil- 63 
dren 


























A—Total married men. B—Those with children. 


these figures show that the Chinese lower 
classes have much smaller families than 
is generally supposed.” 

I made a small study in Shanghai in 
1933 of a group of amahs (women servants) 
aiming to discover facts relative to family 
size both of the amahs themselves and of 
their mothers. Some of the results are 
shown in the last two lines in Table 2. 
In the case of the amahs themselves we 
find 63 who are married and have children. 


living children per woman, 2.17. The 
figures for those women who desire more 
children are: average age, 32.1 years; 
average pregnancies, 2.51; average living 
children, 1.36. If we count the number of 
children this last class of women have 
living and add the number they desire in 
addition we find that the total wanted 
averages 3.7 children, slightly less than 
the total average pregnancies of those 
who do not want any more, 3.89. 
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There have been made in China several 
small studies of families of lower eco- 
nomic groups such as coolies, factory 
hands, common peasants, from the point 
of view of the standard of living. Most 
of such studies, which we have not space 
here to quote in detail, give the total 
number of persons in the families, or 
averages which show us the total number 
of persons living together in a family 
unit. The figure runs from about 3.5 to 
6.00 persons, with four and five the more 
common number. If these families con- 
sisted only of two parents and offspring 
the average number of children would 
then be between 1.5 and 4.00, with two 
and three the more common number, 
but we cannot make this assumption since 
in some families one parent is dead, and 
uncles, cousins, or grandparents may be 
present. This being so, the number sug- 
gested for offspring would have to be still 
further reduced. 


DIFFERENTIAL REPRODUCTION BETWEEN 
UPPER AND LOWER GROUPS 


We have discussed the size of family of 
certain upper economic class groups and 
also of certain lower groups. It now 
remains to put together from these studies 
certain comparative material by age 
groups in order that the contrasts in 
reproductive rates can be more clearly 
observed. Unfortunately we have to deal 
with studies which are not standardized 
in all respects. The samples are from 
different places, by different investigators, 
of different sizes, and of age-groups which 
do not precisely correspond, but even so 
this seems to represent a worthwhile pre- 
liminary attempt at analyzing what ma- 
terial we have. Table 3 gives the details 
from which Chart 1 is drawn. 

It will be noted in Chart 1 that for each 
of the four age groups both the average 
number of surviving offspring and the total 
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births per family for the upper economic 
groups are considerably in the lead over 
the lower economic groups. This chart 
seems to reveal dramatically the reverse of 
the differential reproduction situation in 
the United States. 


NUMBER OF OFFSPRING AND EDUCATION 
OF PARENTS 


In Table 1 data were presented showing 
the number of children in families of 
Middle School and College students in 


44 UPPER CLASS PATRGRS:A 32.9 
RANGE 30-34 YRARS (LAMSON 


WLLLLLLLLD 


3042 CLASS PATHERS 
AVE.AGE ¢.35 (LENNOX) 


314 UPPER CLASS MOTHERS:AVE. AOE 31,2 
RABGE 35-39 YEARS (LAMSON) 


LLL 


436 UPPER CLASS MOTHERS AVE.AGE 41.6 RAMOS 40-44 (LAMSON) 


LLLLLLLLLLLLL. 
ULLLLLLLLLLLLLLLLLLLD 


WLLLLLLLLLLLLA 


ULELLLLLLLLLLELLLLLL 


LOWER CLASS MOTHERS ( 
ILLITERATE) AGE 39 OR OVER 


1089 UPPER CLASS MOTHERS AGED 40-59 YEARS (LAMSON) 
1 / 
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cLupING Marrizp Persons with CaiLDrREN ONLY 


China. I now propose to give further 
details to show that even in this group 
which has been designated roughly as 
“upper economic group’’ there are differ- 
entials which further substantiate the 
main thesis of this paper. 

In Chart 2 I have presented in a graphic 
form data concerning education of the 
mother and of the father in relation to 
number of living and dead offspring as 
found by Griffing in his studies of families 
of mothers of students in East China. It 
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will be noted that where both parents 
are literate both the average number of 
surviving children and total births are 
higher than in the case of families in 
which one or both parents are illiterate. 

In Chart 3 there is given material from 
other studies by Griffing, these having 
been made by direct survey in rural dis- 
tricts in East China. In this case nearly 
all mothers are illiterate. There is a 
regular rise in the number of surviving 
children as we proceed from the 220 
families in which the husband has no 
education up through the 61 families in 
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children, number of dead offspring, and 
total births per family in the groups as 
stated. It will be observed that the group 
having the highest number of living chil- 
dren and total births is that in which both 
parents are Christian and educated. With- 
out regard to education, families in which 
the parents are Christian are larger than 
those which are non-Christian. These 
contrasts are shown in the upper three 
bars. When the families are arranged 
according to literacy of parents without 
regard to religious affiliation we again note 
the regular rise both in living children 


TABLE 3 
Differential Reproduction between Upper and Lower Economic Groups in China Arranged by Corresponding Age Groups, 
Including Married Persons with Children Only 





ECONOMIC CLASS INVESTIGATOR or 


NUMBER 


FAMILIES 


AGE OF SPECIFIED 
PARENT 
2) 


AVERAGE NUMBER CHILDREN 
PER FAMILY 





Average | Range | Living Dead 





Lamson (4) 44 
Lennox (7) | 3,042 


4.11 
1.80 


32-9 
35.0 


30°34 
? 


0.90 





1.26 
1.62 


Lamson (4) 314 
Lamson (10) 63 


4.51 
2.06 


37-2 
37-7 


35-39 
17-62 





1.68 
2.40 


Lamson (4) 
Gray (7) 


41.6 | 40-44 
40+ ? 


4-57 
2.30 


438 


1,000 4-70 








Mother ? 
Mother ? 


6.84 
5-32 


Lamson (4) 
Griffing (2) 


1,089 


220 


1.74 
2.33 


42-59 
39 UP 


5.10 
2.99 





























which he has from one to four years 
schooling, to the 164 families in which the 
husband has five or more years of educa- 
tion. In the case of the total births the 
rise is irregular. However, both groups 
in which the husband has some education 
show a higher average of births per family 
than the group in which the husband is 
without education. 

In Chart 4 I have graphically presented 
Griffing’s findings from the students in 
two colleges and one middle school in 
Nanking (1). The figures to the left of 
the bars show the average number of living 


and total births as we go from the 15 
families in which both parents are illiter- 
ate to the 116 in which only the mother is 
illiterate, and to the 112 families in which 
both parents are literate. This study 
seems to show that families with most 
education and most Western influence in 
their lives (as shown by taking on a new 
religion) have the largest number of off- 
spring born and surviving. 

Having quoted the results of studies by 
J. B. Griffing I shall now give material 
from my own studies which confirm his 
general results. Table 4 presents figures 
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showing the rise in average number of 
living children (living at the time the 
study was made) for a group of 307 
mothers of eight Shanghai Middle 
Schools, and for 545 fathers; the increase 
being from the less educated to the more 
educated. This group of families aver- 
ages 5.06 or 5.15 living children and repre- 
sents those in which the parents have some 
degree of modern-type education. Since 
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VIN DEAD 
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the average living children for the whole 
series of 1778 families comes to 4.81 we 
can see that this small group, in which the 
parents do have this modern training, 
contains larger families than the remainder 
in the study. In this particular study 
data relative to dead children were not 
secured. 

In Table 1 at the beginning of this paper 
a second study by the present writer was 


mentioned. 
in a similar manner, as it seems to show 
that education does not cut down, but 
rather seems to increase, fertility. This 
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I now desire to analyze this 
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is not to be taken as meaning that more 
education ‘‘causes’’ increased fertility, but 
that it certainly is associated with it. 
The study was made in East China in 
fifteen Middle Schools; one in Kinhwa, 
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three in Soochow, and the remainder in 
Shanghai. Table 5 gives the distribution 
according to size. 

In this study the average age of the 
reporting students is for males 16.91 years, 
and for females 16.69, both sexes consid- 
ered as a unit 16.82 years. The average 
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age of parents is 44.43 years for mothers 
and 47.31 years for fathers. The average 
number of living children per family is 
5-03; children who had died 1.6; and total 
births 6.63 per family. As will be noted 
from Table 5 the modal size for total 
births is the six-child family, with the 


TABLE 4 
Living Offspring of Families of Students of Eight Middle Schools in Shanghai According to Education of Parents (3) 





EDUCATION OF STATED PARENT 


MOTHERS FATHERS 





Average living Number of 
chi famili 


“"lires 





Studied in or graduated from Primary School 
Studied in or graduated from Middle School 
Studied in or graduated from College 
Studied abroad 


4.88 97 
5-14 
23 5-91 





Total and Weighted Average 














307 5 .06 545 





TABLE 5 


Total Births per Family in 1781 Families of Middle School 
Students in East China 





TOTAL 
NUMBER OF 
CHILDREN 


PER CENT 
OF TOTAL 
FAMILIES 


TOTAL ‘| NUMBER 
BIRTHS PER OF 
FAMILY FAMILIES 





65 3-65 65 
88 4-94 176 
128 7-19 384 
180 10.11 720 
218 12.24 1,090 
244 13.70 1,464 
237 13-31 | 1,659 
189 10.62 1,512 
130 7-29 1,170 
94 5-28 940 
82 4.60 go2 
48 2.69 576 
33 1.85 429 
15 84 210 
.§1 135 
-34 96 
.28 85 
17 54 
II 38 
II 40 
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seven-child family a close second. Atten- 
tion is called to the relation between the 
two percentage columns in this table. 
Up to and including the six-child family 
the percentage of families to total families 
exceeds the percentage of children to total 
offspring; but from the seven-child family 
upwards the reverse is the case. For 
example, although the seven-child fam- 
ilies constitute 13.31 per cent of the total 
number of families in the series, this set 
of 237 families contributes 14.05 per cent 
of all the children. And although the 218 
five-child families constitute 12.24 per 
cent of all families they contribute but 
9.23 per cent of the total children. The 
table contains no childless families since 
information was secured through Middle 
School students concerning their own 
brothers and sisters. 

Table 6 presents an analysis of these 
1781 families according to education, as 
far as that information was given. The 
average number of children is arranged 
according to (1) the education of the 
mothers, and (2) the education of fathers. 
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An added column is to be noted which 
shows the percentage of children that 
have died in the families. Both in the 
groups arranged by mothers’ education 
and in those arranged by that of the fathers 
we note that those parents recorded as 
having had no education have a higher 
proportion of dead children than the 
others. In the case of families arranged 
by mothers this runs from 26.92 per cent 
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However, it may be pointed out that the 
difference is not great, the total average 
number of children being above six. In 
this connection it should be mentioned 
that in this group of families of Middle 
School students the term ‘‘No Education"’ 
is not to be interpreted as meaning illiter- 
ate coolies or factory hands. There is a 
considerable number of families in China 
which are financially able to send one or 


TABLE 6 
Education of Parents and Number of Children, Families of Middle School Students (4) 





TYPE OF EDUCATION 


AVERAGE CHILDREN PER FAMILY 
PER CENT DEAD 








CHILDREN 


Living Dead Total 





NUMBER OF 
MOTHERS 


FAMILIES ARRANGED BY EDUCATION OF MOTHER 





No Education 
Some Private Education 
Some Modern Education 


593 
418 


485 


Primary School 
Middle School 
College 

Study Abroad 


159 
260 
34 
32 





6.31 
6.82 
6.58 


4.61 
5-17 


1.70 
1.64 
1.48 


1.47 
1.36 
1.50 
2.47 


6.47 














NUMBER OF 
FATHERS 


FAMILIES ARRANGED BY EDUCATION OF FATHER 





No Education 
Some Private Education 
Some Modern Education 


69 
535 
858 


83 Primary School 
279 Middle School 
232 College 
264 Study Abroad 








28.18 
25.91 
23.65 


6.47 
6.73 
6.72 


1.82 
1.74 
1.59 


4-65 
4.98 
5-13 


32.16 
25-33 
21.58 
20.62 


7-30 
6.96 
6.05 
6.89 


2.35 
1.76 
1.31 
1.42 


4-95 
5-20 
4-74 
5-47 














for mothers with no education to 24.16 
for mothers with some private (presum- 
ably old style) education, and to 22.44 
for those with some modern schooling. 
Corresponding figures for fathers are: 
28.18 to 25.91 to 23.65 per cent. 

Both in the case of the families ar- 
ranged by fathers and by mothers we find 
that parents with some education have a 
larger average number of living and of 
total children than those with none. 


more children to Middle School and who 
at the same time have mothers or fathers 
without education. As Table 6 shows, 
this class is much larger among mothers 
than among fathers, the figures being 503 
to 69. This is not surprising when we 
call to mind the fact that education for 
women in China, traditionally, has not 
been given the emphasis that education 
for men has received. 

In the case of the families arranged by 
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education of mothers in Table 6 we find, 
when we break up the 485 in which the 
mother has had some modern education, 
that there is an increase both in living and 
in total average children as education in- 
creases. This tendency is not as apparent 
in the corresponding figures for fathers. 
It may be suggested by way of explanation 
that in the case of educated mothers there 
is much more likely to be an educated 
father (that is, husband) than that all 
educated fathers will have educated wives. 
In other words, in those families in which 
the mother has some modern education 
the chances are greater that both parents 
will be educated than in those families 
in which the father is educated. The 
reason for this is that educated women do 
not want, and may even refuse to accept, 
husbands with education inferior to their 
own; whereas educated husbands may, 
owing to the greater relative scarcity of 
educated women, be forced to marry a 
woman without education, or at least 
with education considerably inferior to 
his own. In fact, a highly educated man 
may prefer to have a wife whose education 
is inferior to his for various subtle reasons. 
This is offered as a possible reason for the 
greater regularity in the rise of the num- 
ber of children (as education increases) 
in the mothers’ column than in the fathers’. 

In the study of student homes in China 
by Milam (5), mentioned in Table 1, it 
was found that for the 259 families whose 
annual incomes averaged $1000 (Chinese 
currency) or above, the average number of 
living children was 5.5; dead children, 2.1; 
and total births, 7.6. Corresponding fig- 
ures for 292 families whose annual incomes 
averaged less than $1000 came to 4.3 living; 
2.1 dead; and 6.4 total births. 

In the other studies of students’ families 
income was not ascertained. Students do 
not seem, in general, to give very reliable 
data in regard to the income of their par- 
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ents; for this reason the present writer 
has not included such data in his studies. 
We can infer in a rough manner that fam- 
ilies which send their children to middle 
school and college are in a better economic 
situation than domestic servants and fac- 
tory operatives. The facilities for ‘‘work- 
ing your way through”’ school are not 
as numerous in China as in the United 
States. It is impossible at present to 
ascertain with exactness which of several 
variables is responsible for the differential 
rate of reproduction which seems to exist 
in China. It is quite likely that several 
variables are functionally related: income, 
degree of education, environmental condi- 
tions, inherent ability, and fertility. 

It is of further interest to note that, in 
both of the studies which I made in East 
China, of all occupations of fathers of 
Middle School students physicians show 
the highest average number of chiidren. 
In the 1781-family study the 61 physicians, 
although averaging only 46.47 years, have 
6.13 living children, 1.51 dead, and 7.64 
total births per family. In the same study 
121 fathers listed as ‘‘agriculturalists” 
(rural dwellers, landlords, farmers) aver- 
age 50.86 years and have 4.95 living, 1.67 
dead, and 6.62 total children. 


AGE OF PARENTS AND NUMBER OF 
OFFSPRING 


In this study of 1781 families we may 
briefly summarize the findings in regard to 
age classification. Since the material was 
secured through students in Middle School 
whose minimum age was 10 we may say 
that our families have been married at 
least 11 years. This gives us relatively 
few parents under thirty years of age. 
Fathers in their thirties have an average 
of 5.89 births in their families; those in 
their forties, 6.54; in their fifties, 7.4; 
in their sixties, 7.88. The six fathers in 
their seventies average each eight children. 





DIFFERENTIAL REPRODUCTION IN CHINA 


The average number of both living and 
dead children increases with the age of the 
father. The same general phenomenon 
appears in the case of the families arranged 
by age of mothers. Mothers in their thir- 
ties have in all 5.97 births; those in their 
forties, 6.68; in their fifties, 7.20; and in 
their sixties, 7.53. The 56 families in 
which the mother is reported as dead 
have a still higher number of births, 
averaging 8.8. If we consider the fam- 
ilies of mothers in their fifties or above 
we find that the average total births is 
well above seven, and in the case of the 
dead mothers nearly nine. 

Comparing the total number of children, 
living and dead, for each of the four sig- 
nificant age groups according to fathers 
and mothers respectively, we see that the 
fathers have a smaller average number of 
children than the mothers in the thirties 
and forties, but that the fathers are ahead 
in the fifties and sixties. 

I wish to report briefly upon another 


study (12), dealing with age and number 
of offspring, made in Shanghai through a 
class of women college students who col- 
lected information from their relatives 
and friends (women) who were married 
and for the most part women of some 


education. Information was secured for 
120 such women. For these we find the 
average number of pregnancies rising from 
1.89 to 3.44 to 6.33 as the average length 
of marriage increases from 3.07 years to 
7-62 to 13.33 years. Since these women 
were on the whole relatively young we 
do not have many cases of those married 
more than fifteen years. There are seven 
women married over 25 years and these 
have an average of over seven pregnancies. 
For the first three age groups the average 
number of living offspring (at the time of 
the study) rises from 1.48 to 2.59 to 4.28 
as the average age of the mothers increases 


from 24.93 to 30.15 to 34.44 years. 
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The number of married years per preg- 
nancy for those 54 women married 1-5 
years comes to 1.63 years; for the 27 
women married 6-10 years the correspond- 
ing figure is 2.22; for the 18 women mar- 
ried 11-15 years 2.11; for the 8 women 
married 16-20 years 3.6; and for the 6 
women married 21-25 years there is one 
pregnancy on the average for every 3.5 
years married. In this series of 120 mar- 
ried women whose average age was 30.73 
we discovered out of 447 pregnancies four 
admitted abortions and 32 miscarriages. 
This gives us a hint that in our other 
studies of over 1700 families there must 
have been a considerably larger number of 
pregnancies than of total births. 


AGE AT MARRIAGE 


Information regarding age at marriage 
is rather fragmentary. We do not have 
space here to include a few tables available 
from small studies. In general we may 
say that among those groups in contact 
with modern ideas the age at marriage is 
gradually rising, both for female factory 
operatives (13) and of course for those 
educated classes with whom attendance at 
college and graduate schools is becoming 
more common. In the study made by 
Dr. Lennox of 4,000 married men of middle 
and lower classes, the largest number of 
men married at age 19 (Western reckon- 
ing), with 18, 17, 16, and 20 following 
in that order. This same investigator 
found among modern Chinese physicians a 
range of age at marriage from 14 to 46 
averaging 24.7 years, with the mode at 26 
years. Dr. Lennox stated that of his 
4,000 men of middle and lower classes 54 
per cent married before age of 20 but that 
these had no more children than those 
marrying after age 20. 

In my study of 72 amahs (lower eco- 
nomic class) age at marriage ranged from 
14 to 25 (Western reckoning); the largest 
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number occurred at 18, age 17 and 16 
nearly tying for second place. The 17 
amahs marrying in the decade 1924-1933 
averaged 18.8 years at marriage; the 11 
marrying in the decade 1894-1903 averaged 
17.9; and the six women married between 
1884 and 1893 averaged 17.5 years at 
matffiage. 

In my study of the 120 educated married 
women there is noted a rising age at mar- 
riage. The general average is at 21.44 
years. For the 81 women married ten 
years or less, wedded in the decade 1921- 
1931, the average age at marriage is 22.07. 
For the 26 cases marrying in the period 
1911-1921 the figure is 20.76; and for the 
ten women married in the decade 1901- 
1g11 the mean age at marriage is 18.9 
years. 

The rather rapidly expanding oppor- 
tunities for careers for women in China, 
whether in factories or in the professions, 
means postponement of marriage, and for 
some it means that they will never marry. 
Under the traditional system everyone in 
the community was expected to marry 
and parents made the arrangements; now 
with a rapid increase of Western influence 
young persons, especially in towns and 
cities, seck to choose their own mates, 
or may even choose not to marry. How- 
ever, strong traditions of family life still 
prevail even among the educated. We do 
not know what proportion of the people 
do not marry, nor do we know what pro- 
portion of college girls remain single. 
Coeducation and special institutions of 
higher learning for women are of such 
recent development that the time is not 
yet ripe for comparative studies with 
those in the West. 


FAMILY LIMITATION AMONG EDUCATED 
CLASSES 


Elsewhere (12) I have attempted to 
secure information relative to family 
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limitation for two groups of educated 
Chinese women. In one of these (the 
Shanghai study of 120 married women) 
it was found that nearly all of the women 
stated that they had known women whose 
too-frequent childbearing had resulted in 
deterioration of health of the mother. 
About nine-tenths of these women be- 
lieved that women in general should be 
able to regulate the coming of their 
children and expressed themselves as being 
willing to receive contraceptive informa- 
tion. As nearly as could be determined, 
not more than about 17 per cent of the 
women had knowledge of modern contra- 
ceptive methods. 

While our figures tend to show that 
education does not cut down fertility 
among those families with at least one 
child, but rather seems to be associated 
with increased rate of reproduction, yet 
we have to admit that gradually this 
knowledge of birth control is spreading 
and the idea of smaller families is pene- 
trating. Books on birth control have been 
translated into Chinese; an experimental 
clinic has started in Peiping; educated 
Chinese appreciate the dangers of an over- 
crowded population; some drug stores sell 
contraceptives; those of the student class 
about to be married are asking to be 
directed to contraceptive information. 
These are straws in the wind and it is 
quite possible that the conditions de- 
scribed in this paper may be reversed after 
a period of years has elapsed. One thing 
seems fairly certain, namely, that knowl- 
edge of methods of contraception will 
penetrate, are penetrating, among upper 
economic classes before they reach the 
lower classes. Abortion, infanticide, ne- 
glect, and sale of children still remain, of 
course, as means by which the lower class 
families may rid themselves of surplus 
mouths. 
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THE SECONDARY MOTHER 


The question may have occurred to 
someone, ‘‘Since the more highly educated 
classes are the ones which have the most 
money, may it not be possible that the 
birth differential is due to plural wives 
in the same family?’’ From the data 
secured in my study of 1781 families of 
Middle School students the answer is in 
the negative. Here I can consider this 
question only very briefly, although I 
hope to present more details in a later 
article. Out of 1781 families 202, or 11.34 
per cent contained one concubine or more. 
The total number of concubines came to 
256, making an average of 1.26 per family 
having these secondary mothers. Al- 
though families with a concubine con- 
stitute 11.34 per cent of all families, they 
produce only 9.21 per cent of all children. 
(This means that this amount is produced 
by the family in which the concubine is 


found, not the production of the concu- 
bines alone.) Of all the births in the 1781 
families the ‘big wife,’’ or the first wife, 
produces 92.53 per cent, more than nine- 


tenths. Stepmothers produce 3.27 and 
concubines 4.2 per cent of all births. 

In our 1781 families there are 1579 with 
no concubine; 166 families with one; 26 
families with 2 each; six families with 3 
each; one family with 4; two with 5; 
and one with 6 concubines. The average 
number of births in families with no con- 
cubines is larger (6.79) than for any of the 
groups having one or more concubines, 
except the one family with five concubines. 
The 166 families in which there is one 
concubine each, average 5.2 total births 
per family. The 26 families in which 
there are two concubines each, average 
5-92 children (living and dead) per family. 
And the six families in which there are 
three concubines each, average 6.5 chil- 
dren. These are rather unexpected find- 
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ings which we do not have space here to 
discuss in detail. We may conclude that, 
as far as our series is concerned, differen- 
tial reproduction is not to be explained 
by the secondary mother. 


FINAL CONSIDERATIONS 


If we grant that there are different 
reproductive rates apparent between the 
upper and lower economic classes in favor 
of the upper, what are the possible 
explanations? 


(1) That there is a difference in conception rates. 

(A) Extrinsic factors: (1) Greater incidence of 
disease among lower classes; (2) Possibly 
greater proportion of unmarried among the 
poor; (3) Nutritional defects greater; (4) 
Psychological effects of poor environment; 
(5) Greater density of population per room 
among the poor (Cf. R. Pearl's theories). 

(B) Intrinsic factors: (1) Greater proportion of 
childless among poor; (2) Prolongation of 
nursing period among lower class mothers; 
(3) Lower physical vitality; (4) An estab- 
lished evolutionary biological difference in 
innate ability, including fertility, among 
the classes. 

(IT) That there is no difference in the rate of concep- 
tion, but that the difference begins to be noticed 
in the birth rates. 

(A) Economic pressure impinges more heavily 
upon the lower economic classes and leads 
to a larger proportion of unsuccessful preg- 
nancies: (1) Through artificially induced 
miscarriage (abortion) wilfully undertaken 
by the mother or midwife; (2) Through 
accidental miscarriage brought on by hard 
work, accidental injury, or some vital defi- 
ciency; (3) Through a larger proportion of 
stillbirths and birth trauma cases, due to 
unskilful assistance or lack of aid at birth. 

(B) That the traditional belief in the impor- 
tance of a large number of offspring (espe- 
cially sons), plus financial ability to carry 
this into effect, is stronger among upper 
economic groups, leading to relatively less 
wilful interference with pregnancy. 

(C) Or that these traditional beliefs are equally 
strong in all classes, but that economic pres- 
sure forces the lower classes to limit the 
number of births through abortion. 

(IID) That there is no difference in conception rates or 
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in birth rates, but that there is a difference in 

survival tates. 

(A) Greater amount of infanticide among lower 
classes: (1) Through outright destruction 
of life; (2) Through gradual neglect due to 
lack of interest in laving that child sur- 
vive. 

(B) Greater amount of deaths soon after birth 
from: (1) Ignorance of proper child care; 
(2) Inability to furnish the child with 
what it needs, among the lower economic 
groups. 

(C) Greater proportion of child deaths at vary- 
ing ages among the poor due to: (1) Acci- 
dents through lack of care by mothers 
working away from home; (2) Sickness due 
to unhealthful surroundings ; (3) Death from 
ignorance or inability to secure medical 
attention; (4) Superstitious practices end- 
ing in death. 

(D) Greater failure among poor to report preg- 
nancies or births which miscarry, are still- 
born, or which die soon after birth, such 
happenings not being regarded as “‘chil- 
dren.” 


Considerable further research is needed 
to prove or disprove some of the above 
points. I am inclined to believe that all 
three of these major factors enter into the 
picture (conception rates, birth rates, and 
survival rates). There would seem to be 
no question (1) that the upper economic 
classes have greater survival rates. It is 
fairly certain (2) that the upper economic 
classes who are married have a higher 
birth rate than the lower who are married. 
We do not know the relative proportion 
of unmarried in the classes, nor do we 
know the differential in the number of 
childless marriages. (3) There are still 
less certain data as to whether the lower 
economic classes actually have a lower 
conception rate or not. However, I 
hazard the inference from this paper that 
there is a strong probability that even in 
conception rates a differential favoring the 
upper classes is present. 

Turning now from the particular con- 
siderations to more general theoretical 


subjects concerning upper and lower 
economic classes in China, the following 
observations are made as having a bearing. 

(1) Assortive mating has been and seems 
to be going on; since marriages under the 
old system were made by the parents 
through a middleman it is probable that 
there has been more intra-class than inter- 
class mating. (2) This would tend in 
time to bring about a real biological 
cleavage between the social classes (14). 
(3) Even among modern educated groups 
in China among whom parental arrange- 
ment for marriage is becoming less com- 
mon, there is still a tendency for marriage 
to keep within certain class lines. (4) 
Calamities such as civil war, famines, 
floods, plagues (while they may kill off 
the weaker, yet upon those who do sur- 
vive) may have a weakening effect which 
is more noticeable among the poor, who 
are less able to get away from the scene 
of the trouble, or to rehabilitate them- 
selves afterwards. (5) There is some 
vertical mobility continually taking place 
between the classes. Bright boys from 
among the peasant class, for example, 
have been selected and given an education 
with the definite idea that they will rise 
above their relatives and perhaps become 
scholars or officials. This has brought 
capacity and ability from lower to upper 
classes. On the other hand, the rich 
opium addict may gradually smoke away 
all his possessions and be reduced to 
beggary. 

These general remarks are intended to 
propose the thesis that ome of the reasons 
for the favorable and eugenic differential 
reproduction rates among the upper, edu- 
cated, classes in China is to be found in 
an innate biological superiority, including 
greater reproductive power, of the upper 
economic classes over the lower. Differ- 
ential reproduction at present seems to be 
eugenic in China. 
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THE ELECTRO-DYNAMIC THEORY OF LIFE 


By H. S. BURR anp F. S. C. NORTHROP 
Departments of Anatomy and Philosophy, Y ale University 


are several factors which 

suggest that living things must 

be viewed from the electro-dy- 

namic point of view. Certain of 

these factors appear in the non-biological 

sciences and in general philosophical con- 

siderations; others arise in biology itself, 

and particularly in connection with recent 

evidence concerning the factors controlling 
the development of the nervous system. 


I. GENERAL SCIENTIFIC AND PHILOSOPHICAL 
CONSIDERATIONS 


If one views the history of science as a 
whole, including its Greek as well as its 
modern manifestations, a certain contrast 
appears. Greek science was dominated 


largely by mathematics and astronomy, 
whereas since the seventeenth century 
physics and chemistry have been the lead- 
ing disciplines. This difference in empha- 
sis among the special sciences bespeaks a 
more fundamental difference in scientific 
outlook. Mathematics and astronomy as 
they appeared in Greek times in the geom- 
etry of Euclid and in the mathematical 
astronomy of Eudoxus, were systematic 
deductive sciences dealing with the entire 
spatial and astronomical universe as a 
whole. It is an obvious peculiarity of 
geometry as a pure science that it is 
concerned wholly with structure and not 
at all with matter. It is a more unex- 
pected peculiarity of astronomy that it, 
more than any other of the natural sci- 
ences, tends to conceive of nature as a 
purely formal system. This was the case 
in Greek times and with Kepler, and is, 
or was, the case in our own time with 
Eddington and Jeans. It was not the case, 


however, with Galilei and Newton. 
They conceived of the astronomical uni- 
verse as a physical system analogous to 
the system of earth and ball and inclined 
plane with which Galilei verified his 
profound and revolutionary reflections. 
This brings us to the sharp contrast 
between traditional modern science and 
Greek science. The latter, dominated as 
it was by such scientists as Eudoxus, 
Euclid, Apollonius and Archimedes, 
tended to regard mathematics as more 
fundamental than physics and to think 
of mature as a purely formal structure; 
the former, following Galilei and Newton, 
made physics primary, and hence regarded 
mature as an aggregate of many physical 
objects in motion, mathematics becoming 
a very necessary means, but nevertheless 
merely a means, of precisely formulating 
this physical conception. Stated in more 
general philosophical terms, Greek sci- 
ence, including biology with Aristotle, 
tended to conceive of nature in terms of 
formal causes; modern science, in terms 
of material causes. The two views have 
not been compatible in traditional scien- 
tific or philosophical theory. To main- 
tain that nature is a system of forms, un- 
conditioned by matter, is to maintain 
that nature and its systems possess a 
changeless structure; hence, the doctrine 
of the fixity of biological types in Greek 
biology. To maintain that nature is a 
collection of physical objects in motion 
is to regard structure as a relation between 
these objects, and subject to change with 
their motion; hence, the essentially mod- 
ern character of Darwin's doctrine of the 
modification of biological types. In 
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short, Greek inorganic and organic science 
put the emphasis on structure and the 
eternal constancy of forms whereas modern 
science has placed the emphasis on physi- 
cal and chemical and biological entities 
and the variability and evolution of forms. 

This difference between Greek and mod- 
ern science exhibits itself in one contrast 
which is implicit in what we have already 
indicated. The ancient emphasis on struc- 
ture and on systematic science, such as 
appeared in the geometry of Euclid and 
the astronomy of Eudoxus, led to the 
conception of nature as a single system. 
This means that no local system can be 
completely understood by itself and that 
thoroughgoing specialization is not sound 
science; nothing is truly understood until 
nature as a whole is understood and the 
local part is perceived in its exact status 
in and connection with that whole. 


This was one of the major reasons why 
Greek science was so inherently and ines- 


capably philosophical. The modern con- 
ception, arising with Galilei’s founding of 
“the science of local motion,’’ and with 
Newton's principle of isolation and the 
attendant emphasis on masses rather than 
structure, led naturally to the conception 
of nature as an aggregate of many physical 
objects; hence, the current notion that 
scientific knowledge is possible for a 
person only in a very narrow field, and 
the attendant corollary that any attempt, 
such as the philosopher sometimes pro- 
poses, to talk about the whole, is idle 
footless speculation. 

This opposition expresses itself in one 
other distinction: Greek science, except 
for the atomists, who were repudiated 
in mathematics, for reasons which we shall 
show immediately, placed the emphasis 
on continuity; modern science, on discon- 
tinuity. The reason for the Greek point 
of view is to be found in the discovery 
of the incommensurable by the Pythagore- 
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ans. They and the atomists, like the 
moderns, began with a discontinuous 
theory. The attempt was made to build 
up lines and surfaces and solids out of 
discontinuous elements or ‘‘pebbles."” In 
short, they tried to define the continuous 
in terms of the discontinuous, and to 
reduce geometry to arithmetic. This 
worked beautifully until they came upon 
the length of the hypotenuse of a right- 
angled triangle, the other two sides of 
which are equal. Setting the sides equal 
to unity the length of the hypotenuse is 
4/2. Stated in more concrete terms, 
this means that any ‘“‘pebble’’ or unit of 
length which goes into the length of either 
side a definite number of times leaving 
nothing over, will always leave something 
over when the hypotenuse is measured. 
This convinced the Greeks that the con- 
tinuous will not reduce to the discontinu- 
ous and that geometry is more funda- 
mental than arithmetic (Euclid, V). Bk. 
Modern science, on the other hand, dis- 
covered nature to be atomic, reduced 
geometry to arithmetic by generalizing 
its theory of number (Dedekind, Cantor), 
and regarded discontinuity, and the many, 
as more fundamental than continuity, and 
the one. 

This modern emphasis on entities, fluid 
forms, atomicity and discontinuity has 
dominated biological thought. Galilei 
had no more than developed his physical 
and mechanical theory of the inorganic 
universe before Harvey proceeded to apply 
physical and mechanical conceptions to 
living creatures in the discovery of the 
circulation of the blood. Lavoisier re- 
vealed the chemical character of respira- 
tion and metabolism in living things at 
the same time that he placed chemistry 
upon secure foundations with the dis- 
covery of the principle of the conservation 
of mass. Gradually with Liebig and 
Wohler, and the vast army of physiologi- 
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cal chemists, the chemical nature of living 
creatures has become more and more evi- 
dent. It is to be noted that this is a 
distinctly modern emphasis. Chemistry 
rests upon a discontinuous atomic concep- 
tion of nature, and atomism in its tradi- 
tional interpretation involves an emphasis 
upon entities rather than upon structure 
and on the constituent elements rather 
than upon the whole. This attitude of 
mind has gone all through biology even 
where no appeal has been made to the 
chemical nature of the processes or factors 
considered. Practically a century ago 
Schleiden and Schwann discovered the cel- 
lular nature of plants and animals. Here 
was the supposedly ultimate biological 
atom. More recently the emphasis has 

_shifted from the cell to the gene, but even 
so the emphasis is still on entities. 

It is to be noted that this entire develop- 
ment involves the carrying over into 
biology of a philosophical standpoint 
which was discovered and clearly formu- 
lated first in physics and chemistry. 
There can be no doubt of its success or 
validity. There is nothing to date to 
indicate that the biologist should hesitate 
to follow the lead which the more mature 
and exact science of physics gives him. 

If this be granted then it is clear that a 
slight change of emphasis must come into 
biological theory. For the entire modern 
standpoint with its emphasis on entities 
rather than organization, upon discon- 
tinuity rather than continuity, upon local 
systems rather than upon their status in 
the total field of nature as a whole, has 
been found in physics to need rather 
radical and thoroughgoing supplementa- 
tion. The word supplementation is to be 
emphasized, for the modern standpoint 
has not been rejected; it is being merely 
amended. The amendment is so thor- 
oughgoing, however, as to amount to the 
placing of the Greek upon an equal footing 


with the modern standpoint. Moreover, 
the concepts modified are so primary in 
the levels of importance and so general 
and universal in their application that 
every branch of human activity, and even 
the very meaning and significance of any 
fact we observe or experiment we perform 
are affected. 

The elemental and essential fact as it 
appears in physics can be stated very 
briefly; atomic physics has had to be 
supplemented with field physics. The 
point to be noted is that the particle both 
conditions and is conditioned by its field. 
Stated in more general terms this means 
that continuity as well as discontinuity 
is ultimate, that nature is both one and 
many. In short, any local system in part 
constitutes and is in part constituted in 
its behavior by nature as a whole (Freund- 
lich, 1933) and the physical field in which 
it is embedded. This rediscovery of the 
continuous field, or the one, as a causal 
factor conditioning the behavior of the 
constituent particles, or the many, is a 
return to the Greek standpoint. But the 
particles also determine the character of 
the field. This is the modern viewpoint. 
The reciprocal causal relation between 
field and particle amounts to a union of 
both viewpoints. This is the fact which 
anyone with an eye to first principles can 
see standing out amid all the complexities 
and confusions of current discoveries in 
physics. 

But this mere designation of the fact 
is not enough. We do not possess science 
until our findings are formulated in terms 
of clear consistent principles. At this 
point current scientific and philosophical 
thought is confronted with a serious diffi- 
culty. According to all traditional scien- 
tific and philosophical conceptions the 
Greek and Modern views of science con- 
tradict each other. It was precisely be- 
cause of this contradiction that we had to 
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reject Plato’s and Aristotle's physics, 
biology, and philosophy in order to accept 
Galilei’s, Newton's, and Darwin's. The 
difficulty can be put very simply. The 
modern conception of nature as a discon- 
tinuous collection of moving particles 
makes all order in nature a temporary 
effect, renders nature as a whole a mere 
aggregate, and provides no meaning for 
continuity as a primary factor or for the 
field as a causal factor. The Greek con- 
ception, as formulated, either in mathe- 
matics and astronomy by Plato and 
Eudoxus, or in biology by Aristotle, does 
justice to the continuity and unity and 
organization, and to the field character of 
natural phenomena, at the cost of inter- 
preting mature as a single substance or 
system and rendering change, atomicity, 
and the temporal origin of species mean- 
ingless. It is clear, therefore, that before 
the doctrine of reciprocal causal interac- 
tion between particle and field can possess 
meaningful, consistent theoretical formu- 
lation a new theory of the first principles 
of science must be developed. Moreover, 
this new theory must combine the Greek 
and Modern conceptions of science which 
have previously been supposed to be 
incompatible. 

It is essential that the reader sense the 
necessity of this theoretical formulation 
before going further. Otherwise the elec- 
tro-dynamic theory of life proposed in 
this paper will appear as but a new name 
for traditional conceptions, and its essen- 
tial novelty and significance will be 
missed. This point may be made by 
referring to an experience which the au- 
thors of this paper had when the theory, 
proposed here, was presented to an experi- 
mental anatomist. He replied, ‘“Yes, the 
field theory of life is reasonable, but what 
is the field except as it is determined by 
its physico-chemical constituents?’’ In 
this query he gave expression to the funda- 


mental presupposition of traditional mod- 
ern science, that the field, or nature as a 
whole, is a mere aggregate of the atomic 
parts and in no sense a primary causal 
factor. He was quite right also in sug- 
gesting that the field theory of life would 
be but a new name for old commonplaces 
were this all that it means. The point is, 
however, that the theory which we are 
proposing means more than this. The 
microscopic physico-chemical constituents 
do determine the character of the field. 
No one cognizant of modern physics and 
physiological chemistry can deny this. 
But this relation between field and par- 
ticle is not, as traditional modern scientific 
theory has assumed, an asymmetrical or 
one-way relation. The field both deter- 
mines and is determined by the particle. 
But to find meaning for the field as, in 
this partial sense, an ultimate causal factor 
is the real difficulty. In the traditional 
modern scientific conception of nature as a 
collection of particles in motion and 
physico-chemical interaction, there is no 
meaning to the field as anything more 
than a mere aggregate and effect of their 
compounding; in Newton's physics, given 
the masses with their inertial and accelera- 
tive forces, the gravitational field and the 
orbits are completely determined. To 
make sense out of the notion that the 
field determines the behavior of any local 
process or constituent within it, it is 
necessary to modify modern science at 
its very foundations by revising our theory 
of first principles to provide meaning for 
the unity of nature as a causal factor. 
Without this revision in our most ele- 
mental and fundamental conception of 
nature as conceived by science, all field 
theories whether in physiology or physics 
are mere verbiage. : 

It is easy enough to find meaning for 
the unity of nature, and for the field as a 
causal factor providing we return to that 
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Greek conception of science which makes 
continuity ultimate, regards nature as one 
substance, and interprets all plurality as 
a mere abstraction from the unity. But 
this is to go to the other extreme and find 
meaning for the causal efficacy of the field 
at the cost of denying all determination of 
the field by the particle. Clearly, modern 
science will not permit us to do this. It 
is impossible now to deny the validity of 
physico-chemical categories. There is the 
particle as well as the field. It is clear, 
therefore, that meaning for the field and 
the unity of nature as a causal factor must 
be gained without rejecting the primacy 
of the atomic physico-chemical categories 
of modern science. The only completely 
physical theory of the first principles of 
science proposed to date which accom- 
plishes this is the macroscopic atomic the- 
ory developed by one of the authors of 
this paper (Northrop, 1928, 1931). It 
retains the kinetic atomic theory of tradi- 
tional modern science, thereby providing 
theoretical foundations for the physico- 
chemical categories which modern investi- 
gations have established, and providing 
meaning for the determination of the field 
by the particle. To this traditional 
kinetic atomic theory it adds one macro- 
scopic atom which surrounds and, solely 
because of its relatively small fixed finite size, 
compresses and congests the microscopic 
particles, of the whole of nature, of tradi- 
tional theory, which it contains. Thus a 
unity of nature as a whole is impressed 
upon the compounding and aggregating 
of the microscopic particles to make com- 
plex nature one as well as many, a unity 
as well as an aggregate, a field which in 
part determines the behavior of each par- 
ticle and process, as well as a complex 
continuum, in part constituted by the 
motion and interaction of the particles. 
Whether the macroscopic atomic theory 
will gain confirmation directly by further 
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empirical investigations need not concern 
us here. Its mere existence as a possible 
theory is sufficient for our present pur- 
poses, since this demonstrates that it is 
possible to combine the Greek scientific 
conceptions of nature as a single system 
with the modern scientific conception of 
nature as an aggregate of many particles, 
without contradiction, and thereby gives 
meaningful formulation to the thesis that 
the particle in its behavior both deter- 
mines and is determined by the field in 
which it is embedded. 

Having demonstrated that the doctrine 
of the reciprocal interaction between field 
and particle can be given consistent mean- 
ingful theoretical formulation, it remains 
to designate the evidence in both physics 
and biology which supports it, and the 
modification in our attitude toward all 
systems in nature, which its acceptance 
must entail. 

The first conclusive evidence in physics 
of the necessity of supplementing atomic 
physics with field physics appeared in the 
relativity theory. A short survey of 
certain developments in the history of 
science will make this clear. Science has 
always distinguished between two types 
of structure or relatedness in nature. The 
one type, most evident in space, is rela- 
tively constant through time; the other, 
evident in the obvious changing relations 
between things, is subject to change with 
time. Actually both types of structure or 
relatedness apply to the physical content of 
the universe, but Newtonian physics did 
not view the situation in this light. 
Instead, it separated the relatively con- 
stant spatial structure of physical nature 
from the physical content and turned the 
separated structure into an independent 
entity called absolute space. This space 
was really a field, but since it permitted 
matter to move through it without oppo- 
sition there was little or no meaning to 





mH Fe fF © 


' ew Ww >, 


ELECTRO-DYNAMIC THEORY OF LIFE 327 


the statement that the field conditioned 
the behavior of the particle. A similar 
separation and reification of the field char- 
acter of physical nature occurred in the 
sciences of optics and electricity with the 
introduction of the ether. The theory of 
relativity has demonstrated, however, 
that this entire procedure is mistaken. In 
doing away with the independent ether, 
and in merging matter and space and time, 
Einstein has shown that the approxi- 
mately constant macroscopic structure of 
space is the approximately constant macro- 
scopic structure of matter itself. The field 
is not independent of matter but a very 
condition for and causal determiner of the 
behavior of matter. Thus Einstein re- 
places Newton's three laws of motion 
with the single law that a body moves 
in a path which is a geodesic of the space- 
time of the observer's frame of reference. 
But the general theory of relativity also 
prescribes that the distribution of matter 
determines the character of the metrical 
field, and thereby the lay of the geodesic. 
Thus the particle both conditions, and is 
conditioned by, the metrical field. 

These considerations from the verified 
general theory of relativity are sufficient 
to indicate that the attempt to conceive 
of nature entirely in terms of the plural- 
istic discontinuous microscopic atomic 
physico-chemical categories of traditonal 
scientific thought is inadequate. This 
does not mean that these traditional cate- 
gories ate invalid; they are in fact neces- 
sary, as the general theory of relativity 
indicates when it makes the metrical 
properties of space dependent upon them 
and their distribution, but they are never- 
theless insufficient. The field also condi- 
tions the behavior cf the particle. 

The second evidence in physics for the 
theory of the reciprocal determination of 
particle and field appears in wave me- 
chanics. At this point the relevance of 


all this for biology can be made more 
direct and explicit. Biologists have dis- 
covered that whatever else living crea- 
tures may be they are in a very real and 
significant sense physico-chemical sys- 
tems. But chemists and physicists have 
now conclusively demonstrated that the 
electro-dynamic theory of nature is more 
fundamental than the chemical theory. 
The reduction of the chemical atom to 
electrons and protons and the development 
of quantum theory and wave mechanics 
implies this. Moreover, the recent sur- 
prising tendency in wave mechanics is to 
put the emphasis on the field even to the 
point at times of attempting to derive 
the particle from it. This, as Darrow 
and G. P. Thomson have pointed out 
(Darrow, 1927; Thomson, 1932), is an 
efror; moreover, quantum physics reveals 
even new evidences of discontinuity. 
Nevertheless, the fact still remains that 
the field as a distinctly causal factor is 
indispensable. 

These established and accepted findings 
of contemporary physics are sufficient to 
indicate that the same influence from the 
mature science of physics, which pre- 
viously drove biology with Harvey to 
the mechanical theory of living creatures, 
and with Lavoisier to the chemical theory 
of their nature, must now drive us to an 
electro-dynamic theory of life. Contem- 
porary developments in physics rest upon 
the discovery of the primacy of electro- 
dynamic theory over chemical or tradi- 
tional physical theory. 

Moreover, and this is the crucial point, 
this shift involves much more than a 
mere shift in terms. Contemporary 
physics has gone very much further than 
the mere statement of chemical elements 
in terms of electrons and protons. The 
latter advance, while of great importance, 
still involves the traditional emphasis 
solely on entities and their motion. The 
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current shift is much more fundamental 
than this, for the field as well as the 
particle is now revealed as a causal factor. 
Once this point is really grasped our whole 
attitude towards our scientific knowledge 
must change. Structure again becomes 
significant. It is no longer permissible 
to assume, as traditional modern science 
has done, that if the constituent chemical 


components are determined the field and ., 


the structure will take care of itself. 
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as descriptive terms. It now appears, 
however, that the difficulty may have its 
basis, not in the failure of any possible 
physical theory, but in the inadequacy of 
traditional physical theory. For the 
chemical view with its emphasis on 
entities has been demonstrated to reduce 
to the electro-dynamic view in which the 
more constant structural guiding contri- 

tion of the field is found to supplement 
he contingent changing relatedness intro- 


The significance of this for biology can“ duced by the motion of the particles. 


be made evident by a brief consideration 
of its most fundamental and perplexing 
problem—the problem of organization. 
It is a commonplace that living creatures, 
notwithstanding the modification in types 
in evolution, maintain a certain constancy 
of structure through continuous changes 
of material. Aristotle with his doctrine 
of formal as well as material causes pro- 
vided a theoretical basis for this fact, 
but failed to account for the mutability of 
species. Modern science with its redis- 
covery of the kinetic atomic theory and 
its attendant doctrine of the variability of 
structure with motion, provided meaning 
for Darwin's discovery, and the physico- 
chemical nature of life, but at the cost, as 
Claude Bernard indicated, and as Driesch 
and J. S. Haldane have emphasized more 
recently, of failing to do adequate justice 
to the relative constancy of biological 
organization. The traditional modern 
doctrine that the chemical elements com- 
pletely condition the structure and organi- 
zation of the organism failed to explain 
why a certain structural constancy per- 
sisted through the chemical flux. 

This obvious inadequacy led to the 
introduction of non-physical factors such 
as Driesch's ‘‘entelechy,’’ Spemann's *‘or- 
ganizer,"’ Rignano’s ‘‘biological energy,” 
Child's ‘physiological gradient,’’ Weiss's 
“biological field,"’ and Kdébler’s ‘‘Ges- 
talten,"’ all of which have certain validity 


If this new electro-dynamic theory is 
correct it follows that biological science 
must supplement its present emphasis on 
chemical analysis and on entities with a 
more serious study, by the experimental 
determination of potential distribution, of 
field factors, and structure and organiza- 
tion in itself. It appears also that biology 
itself suggests the necessity of the particle- 
field theory. 


Il. BIOLOGICAL AND NEUROLOGICAL 
CONSIDERATIONS 


The necessity is apparent when an 
attempt is made to unravel the underlying 
processes inherent in ontogeny. In spite 
of the mass of accumulated data concern- 
ing the development of the organism in 
general and of the nervous system in 
particular, no thoroughly satisfactory ex- 
planation has been given of the regulation 
and control of growth. Description of 
successive steps of development in a wide 
variety of forms reveals little of the 
felationships which exist between the 
steps or the factors which regulate the 
passage from one to the other. The very 
wealth of the accumulated facts tends to 
obscure the underlying regulation and to 
defy analysis. It was this difficulty which 
led Driesch to the repostulation of a ‘‘vital 
force’’ or entelechy. This brilliant hy- 
pothesis has never received its just due. 
The whole theory is a very adequate 
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description of an extraordinarily constant 
control and regulation of growth. Its 
weakness lay in its assumption of an 
extra-biological agent incapable of scien- 
tific description. The field theories of 
Spemann, Weiss and Gurwitsch are also 
valuable attempts at explanation, but like 
the entelechies of Driesch, scientific analy- 
sis is wellnigh impossible. 

All embryologists have been impressed 
at one time or another with one aspect of 
the problem noted above. Growing sys- 
tems possess an extraordinary capacity for 
self-regulation. Some powerful agent 
seems to be inherent in the system through 


© which the progress of development from 


stage to stage is codrdinated and regulated 
according to a definite plan. Each and 
every biological system seems to possess a 
dynamic ‘‘wholeness"’ the miaintenance of 
whose integrity is a necessity of continued 
organic existence. Virtually all the the- 
oretical analyses stress this quality but no 
adequate definition of this dynamic agent 
or adequate explanation of its working 
has been offered. 

Not only is the regulation in ontogeny 
an enigma, but we are still almost com- 
pletely ignorant of the dynamic relation- 
ships in living systems. A considerable 
body of information is available concern- 
ing the physical and chemical structure 
of protoplasm but we know little of the 
way in which the elements are organized 
into a dynamic whole. The cytoplasm 
of a living cell is not a formless agglomera- 
tion of chemical substances but is an 
integrated and codrdinated system. It is 
impossible to conceive of cytoplasm as a 
haphazard arrangement of molecules. A 
definite pattern of relationships must exist. 
We possess a modicum of knowledge of 
these relationships at any one moment 
but we have no adequate theory of the 
mechanism which maintains that pattern 
throughout the rapidly changing flux in 


living systems. Study of the situation 
in the nucleus is somewhat more advanced 
because of the greater definiteness of the 
formed elements. We possess fairly clear 
statements of the physical and to some 
extent of the chemical components of the 
nucleus. The dynamic activities of the 
formed elements, the chromosomes, have 
been partially unravelled by geneticists. 
As in cytoplasm however, we lack any 
adequate hypothesis of the mechanisms 
involved in chromosomal aggregations or 
in the splitting and distribution of the 
component elements. The results of the 
processes have been widely studied and 
have provided an important body of in- 
formation but we still lack understanding 
as to how the results are accomplished. 
Here then, as in embryology, we find 
“pattern of organization’’ the fundamental 
problem. — 

The difficulties suggested above are no 
less apparent in the analysis of the develop- 
ment of the nervous system. The succes- 
sive steps have been described by innumer- 
able workers but we lack any rational 
explanation of the appearance of local 
regions of growth and differentiation and 
of the final establishment of nuclear masses 
and fiber tract pathways. Although 
Spemann has shown the importance of 
the dorsal lip of the blastopore as a con- 
comitant of the formation of the nervous 
system, there is little understanding of 
the factors involved in this relationship. 
Moreover, neither fact nor theory has yet 
made clear the nature of the factors which 
give this power to the dorsal lip of the 
blastopore. 

Careful consideration of the many facts 
of which the above is but a suggestive 
résumé, compels us to look for an hy- 
pothesis which will cover not only the 
dynamics of development but also the 
pattern of organization of unitary bio- 
logical systems. The search for such an 
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hypothesis has intrigued many investiga- 
tors. As has been shown earlier in this 
paper, its formulation has been hindered 
aby reliance upon earlier physical theory. 
With the advent in physics of the field 
theory of the relationships between par- 
ticulate matter, the resolution of the 
biological theory becomes clearer. It is 
believed that the theory about to be 
proposed satisfies this condition and if it 
can be demonstrated, gives the solution 
to many problems of biology. 

The theory is the result of many years 
of experimental investigation of the mech- 
anisms involved in the development of 
the nervous system (Cf. Burr, H. S., 
1916a, 1916b, 1920, 1924, 1926, 1930, 1932). 
In these studies it has been shown (Burr, 
1932) that an extremely important factor 
in the organization of the nervous system 
is the rise and fall of differential growth 
fates within the wall of the neural tube. 
Moreover, experimental work confirms 
the belief that the direction of growth 
and the end station of differentiating nerve 
fibers is related to these primary centers of 
rapid proliferation. Inasmuch as they 
seem to be potent factors in imparting the 
fiber pattern to the nervous system, it 
becomes necessary to inquire into the 
agents which could act to determine the 
locus of these areas and to regulate the 
division rates in them. If this could be 
settled then it would be possible to formu- 
late an hypothesis as to the origin of 
pattern in the nervous system. Con- 
ceivably this might provide a clue to the 
origin of pattern in developing organisms 
and in other living systems. 

An increasing body of evidence (Gur- 
witsch, 1926; Ingvar, 1920; Lund, 1922) 
indicates that bio-electric phenomena un- 
derlie growth as well as many other 
biological processes. Numerous electro- 
metric studies compel us to believe in the 
presence of polar and potential differences 


in living systems. If this is true it follows 
by definition that electro-dynamic fields 
are also present. Their existence in the 
physical world is generally accepted. 
Moreover, the formed relations of particu- 
late matter is to a considerable degree 
a function of such fields. Thus the indi- 
vidual characteristics of atomic matter 
are a result of the interdependence of 
fields and particles. Pattern in physics, 
then, is determined by the interplay of 
electro-dynamic fields and the particular 
matter therein contained. 

It is reasonable to extend this hypothesis 
into the realm of biology. Potential 
gradients and polar differences exist in 
living systems. If this is so, then electro- 
dynamic fields are also present. The 
following theory may therefore be formu- 
lated. The pattern or organization of any 
biological system is established by a 
complex electro-dynamic field, which is 
in part determined by its atomic physico- 
chemical components and which in part 
determines the behavior and orientation 
of those components. This field is elec- 
trical in the physical sense and by its 
properties it relates the entities of the 
biological system in a characteristic pat- 
tern and is itself in part a result of the 
existence of those entities. It determines 
and is determined by the components. 
More than establishing pattern, it must 
maintain pattern in the midst of a physico- 
chemical flux. Therefore, it must regu- 
late and control living things, it must 
be the mechanism the outcome of whose 
activity is ‘‘wholeness,’’ organization and 
continuity. The electro-dynamic field 
then is comparable to the entelechy of 
Driesch, the embryonic field of Spemann, 
the biological field of Weiss. 

The implication of the above theory for 
embryology yields a number of interesting 
points only one of which can be consid- 
ered here. An intriguing problem in 
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chordate development is the establish- 
ment of a longitudinal axis. This is a 
very real structural alignment although 
at early stages in development the cells 
which are related to it may be toti-potent. 
Experimental rearrangement of the cellu- 
lar units does not change the axis although 
they themselves may have their ultimate 
fate altered. Caudal cells may become 
cephalic cells, right cells may become left 
with little serious interference with the 
normal processes of growth. Yet in some 
way the constituent cells of the growing 
system have their fate determined and 
their behavior and orientation controlled. 

At least two factors in this regulation 
are familiar. Embryology and genetics 
have given adequate evidence of the 
importance of the chromosomes in deter- 
mining cellular fate. The investigations 
of Weismann, Driesch, Boveri, Hertwig 
and many others attest this. The geneti- 
cists have confirmed it and we are com- 


pelled to believe that the formed elements 
in the nucleus partly determine the growth 


and differentiation of cells. But the ex- 
perimental embryologists have shown that 
intercellular relationships are no less 
important. Spemann and his students 
have demonstrated the dependence of cells 
on their local environment. The induc- 
tion or organization hypothesis is an 
expression of their findings. To genetic 
constitution, then, there must be added 
local cellular environment as an important 
determiner of cell fate and therefore of the 
organization of the growing systems. 

To Driesch, however, we owe the bril- 
liant observation that the fate of any 
group of cells in an embryo is not only 
genetically conditioned but is also a 
function of the position of that group in 
the whole biological system: The 
mechanism by which position could deter- 
mine cellular potencies was explained by 
Driesch through the assumption of an 
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extra-biological guiding principle, an 
entelechey. It is at this point that the 
electro-dynamic field theory proposed 
above provides a significant explanation 
of the well recognized facts. In the 
physical world the nature of an atom is 
dependent upon the number of entities 
which comprise it and the field in which 
they lie, the position of the electron orbits 
being of fundamental importance. So, 
on a very much more complex scale in a 
biological system the fate of any group of 
cells is determined in part by the position_, 
those cells occupy in the electro-dynamicy 
field of the embryo. It is clear that if the 
above be granted three factors are present 
in the normal development of an organism. 
The cells must possess a certain genetic 
constitution, a certain cellular environ- 
ment and a certain position in an electro- 
dynamic field. 

This is not the place to extend the 
application of the theory to many other 
problems of embryology for another im- 
portant aspect calls for attention. The 
pattern of the organization of the molecu- 
lar and atomic constituents of protoplasm 
is an even more important problem to 
biology than the physico-chemical nature 
of the entities themselves. It is not 
enough to know the chemical formula of 
protoplasm. It is of vital importance to 
understand how the elements are related, 
to each other, how they are gathered 
together in a single ‘‘whole’’ system. If 
the electro-dynamic theory is sound the 
characteristic relationship of the elements 
of any biological system is a function of 
the field of the system. If this be true 
then the great jump from living organic 
matter to non-living physical matter isno 
longer inexplicable. The difference be- 
tween the two is to be found in all proba- 
bility in more complex fields and more“ 
complex molecular structure. Life, then, 
is not a special creation but an expression 
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of fundamental law operating in living 
and non-living matter alike. 

The theoretical considerations here pre- 
sented have led us to the conclusion 
reached by nearly all other investigators, 
that pattern or organization is a funda- 
mental characteristic of biological sys- 
tems, or of physical systems, or of the 
universe. The electro-dynamic theory 
provides a working hypothesis for a 
direct attack upon this problem. If 
accepted, it opens up a wide field of study 
based upon electrometric methods. It 
should be possible, therefore, to deter- 
mine by objective experiment whether or 
not such fields exist. In other words, 
this theory can be put to experimental 
test. Finally the theory makes it possible 
to place the investigation of the organiza- 
tion of living systems on the same objec- 
tive and physical basis as the analysis of 
their chemical constituents. 

It appears, therefore, that an hypothesis 


of this type is necessary to bring biological 
theory into line with physical theory. 
Moreover, biological considerations alone 
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affirm a similar necessity and provide a 
sufficient amount of data to warrant put- 
ting to Nature, by experimental and 
electrometric methods, the questions 
which this theory raises. These questions 
fall naturally into three categories. In 
the first of these are to be found questions 
as to the presence and character of poten- 
tial and polar differences in living organ- 
isms. In the second are the questions 
dealing with the measurement of electro- 
dynamic fields as concomitants of the 
potential differences. In the third are 
those questions which are associated with 
the impact of an altered field in the 
environment on developing mechanisms. 
In all probability new technical methods 
will have to be devised before definite 
answers can be obtained. Furthermore, 
if the theory is established, it makes 
possible the application of the mathe- 
matical methods being developed for field 
and wave physics to biological material, 
thereby placing the study of biological 
organization on a mathematical as well as 
an experimental basis. 
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THE ALL-OR-NONE PRINCIPLE AND THE NERVE 
EFFECTOR SYSTEMS 


By A. ROSENBLUETH 
Laboratories of Physiology in the Harvard Medical School 


all-or-none principle states 
that there is an all-or-none rela- 
tion between the stimulus and 
the response which it sets up 
(Bowditch, 1871; Adrian, 1931). As 
pointed out by Adrian (1914), this all-or- 
none relation is a necessary consequence of 
the coexistence of the following three 
conditions in the excitable structure: a 
threshold, an absolute refractory period 
and a conduction of the excited state over 
the whole structure so that it behaves as 
asingle unit. If any one of the three con- 
ditions stated is lacking, the response will 
not be all-or-none (quantal). 


WHAT IS MEANT BY ‘‘STIMULUS’’? 


A great deal of discussion about the 
validity of the all-or-none principle in 
different systems would be avoided if the 
terms stimulus and response were pre- 
cisely defined. The usual convention is 
to designate as stimulus the external agent 
applied by the experimenter and to call a 
response any active change in the tissue 
elicited by this agent. Since there are 
frequently several intermediate steps be- 
tween the stimulus and the ultimate re- 
sponse, it is obvious that any analysis 
which disregards these intermediate steps 
will be incomplete, and therefore falla- 
cious. 

Suppose an electric shock is applied to 
an autonomic nerve supplying a smooth 
muscle. The electric shock (stimulus) 
produces in the nerve a local excitatory 
state, which is passive and which we 
therefore do not call a response. If this 


local excitatory state reaches a threshold 
value a nerve impulse ensues, which is 
the response of the nerve to the stimulus. 
This impulse, on reaching the muscle, 
behaves now as a stimulus and evokes an 
electric potential (initial potential, Rosen- 
blueth, Leese and Lambert, 1933) and the 
liberation of a certain amount of a chemi- 
cal mediator (see Cannon, 1933). We do 
not know the relations existing between 
the initial potential and the chemical 
mediator, but we may assume provision- 
ally that the potential precedes the libera- 
tion of the mediator and stimulates the 
production of the latter (see below). 
The mediator, a response to the conducted 
disturbance in the muscle, now combines 
with the receptive substance and the com- 
pound thus formed stimulates the con- 
tractile mechanism (Rosenblueth, 1932b), 
so that a final contractile response ensues. 

As pointed out by Adrian (1922), if 
there is any all-or-none step in such a 
series, it will necessarily impose an all- 
or-none relation between a single stimulus 
and the final response of a single element. 
An observation establishing such a quan- 
tal relation will not give any information 
as to whether there is more than one 
all-or-none step, where this quantal step 
or steps occur, and whether there are any 
gtaded processes involved. Direct stimu- 
lation of muscle (Pratt and Eisenberger, 
1919; Bozler, 1927, 1928 and 1931; etc.) 
is, therefore, preferable to the stimulation 
of the nerve supply (Lucas, 1909), when 
investigating the all-or-none characteris- 
tics of the former. 
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WHAT IS MEANT BY ‘‘MUSCLE’’? 


Even direct stimulation of muscle is not, 
however, sufficiently discriminating. 
‘‘Muscle’” is a term which belongs to 
gross anatomy. The microscope reveals 
not only muscle fibers but a very complex 
structure in the muscle fiber. Physiolog- 
ically the striped muscle fiber presents at 
least two features, a conducting and a con- 
tracting system. In smooth muscle there 
are at least three processes: the production 
of the mediator (see Cannon, 1933), its 
combination with the receptive substance 
(Cannon and Rosenblueth, 1933) and the 
contraction. A thorough knowledge of 
the quantal processes in either striped or 
smooth muscle requires a discrimination 
between the successive steps as to all-or- 
none or graded behavior. 

Pratt and Eisenberger (Joc. cit.) found a 
quantal response of striped muscle to 
direct electrical stimulation. Graded re- 
sponses may, however, be obtained, as 
shown by Fisch] and Kahn (1928), Gelfan 
(1930) and Asmussen (1932). From these 
conflicting results we should be led to the 
quite unilluminating conclusion that there 
may or may not be an all-or-none relation 
between the electric stimulus and the 
muscular response. The obscurity disap- 
pears, however, when we take account of 
the intermediate steps, for, as reported by 
Gelfan and Bishop (1932), the graded 
responses are obtained when the stimulus 
skips the conducted disturbance and acts 
beyond, presumably on the contractile 
system itself. 

The indiscriminate use of the term 
‘stimulus’ is confusing when applied 
only to the first link of a chain of events 
functionally related. The real stimulus 
to a given reaction is the event which im- 
mediately precedes it and of which the 
reaction is a direct consequence. Thus, 
in autonomic effectors the real stimulus 
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for the final specific response implied by 
the term effector is not the electric shock, 
nor the nerve impulse, nor the initial 
potential in the effector, but the compound 
formed by the combination of the mediator 
with the receptive substance. Our analy- 
sis of the applicability of the all-or-none 
principle to neuro-effector systems will 
consist in an examination of the relations 
between each step and the succeeding one 
in the series of functionally related phe- 
nomena which begin at the peripheral 
efferent nerve and end with the specific 
reaction of the effector. The problem, 
then, is to determine, in view of the evi- 
dence available, whether there is a quantal 
or a graded process at each of the consecu- 
tive links in this chain of events, and to 
ascertain what links are activated by our 
experimental means of excitation. 


THE CHAIN OF EVENTS IN EXCITATION 


According to the data available, the 
following is the sequence of functionally 
related events which probably occur in 
the electrical excitation of a neuro-effector 
system: 1) electric shock — 2) local ex- 
citatory state in nerve — 3) nerve impulse 
(conducted disturbance in nerve) — 4) 
local excitatory state in neuro-effector 
junction — 5) conducted disturbance in 
the effector — 6) liberation of mediator 
— 7) combination of mediator with recep- 
tive substance — 8) specific reaction of 
the effector (contraction or relaxation of 
muscle, acceleration or deceleration of the 
heart, secretion, etc.). 

We shall first examine the evidence 
which leads us to postulate the existence 
of the links in the above chain of events 
that are not generally recognized; we shall 
then consider at what links the chain may 
be activated by the physiological and by 
certain experimental stimuli, or blocked 
by some paralyzing drugs; and we shall 
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finally point out some of the implications 
of the views adopted. 

The fourth link (4, in the series) is 
postulated to cover the cases of peripheral 
summation of nerve impulses. This sum- 
mation of nerve impulses is known to 
occur in striped muscle (Lucas, 1917a and 
b; Bremer and Homés, 1931). It would 
also occur in autonomic systems if some 
of them should be “‘iterative,"’ in the 
sense of Lapicque and Meyerson (1912). 
The expression ‘‘local excitatory state,"’ 
used in analogy to the corresponding phe- 
nomenon in nerve, is meant to be quite 
non-committal as to the nature of the 
process involved. Adrian and Lucas 
(1912) offered the explanation that a 
second impulse succeeds in stimulating the 
muscle, while the first one fails, because 
the second one appears during the super- 
normal phase of recovery from the first, 
and is therefore better conducted. This 
explanation was based on the idea that 
decremental conduction occurred at the 
junctional region (see Adrian, 1920). 
Adrian (1920) showed, however, that the 
super-normal phase occurs only at a pH 
which is improbable in highly buf- 
fered physiological systems. Further- 
more, conduction with decrement is also 
quite improbable (Kato, 1924; Davis, 
Forbes, Brunswick and Hopkins, 1926). 
We must, therefore, seek for another 
explanation. 

Assuming the membrane theory, since a 
nerve impulse can reach the muscle and 
stop without eliciting a conducted dis- 
turbance in the muscle, it is obvious that 
there is a discontinuity between the two 
polarized interfaces responsible for the 
conducted disturbances. If the successive 
nerve impulses are of equal intensity, as 
is probable, it is reasonable to assume 
that each one leaves an effect at the junc- 
tion of the nerve with the muscular 
polarized interface and that succeeding 


nerve impulses add their effects to those 
remaining from the preceding impulses 
until a threshold is attained and the con- 
ducted disturbance of muscle is originated. 
It is to these additive effects at the neuro- 
effector junction that we apply the expres- 
sion local excitatory state. 

It is possible that link 5 does not exist 
in some autonomic effectors. Thus Rosen- 
blueth, Leese and Lambert (1933) failed 
to find any evidence of an initial potential 
in the pregnant uterus excited through the 
hypogastric merves; and Rosenblueth, 
Forbes and Lambert (1933) concluded 
that the potentials recorded from the 
submaxillary gland were probably corre- 
lated with the chemical changes involvcd 
in the responses, and not with the excita- 
tory process. 

The spike potential of striped muscle is 
generally recognized to be associated with 
the process of conduction of excitation 
throughout the muscle fiber. Such a 
process is superfluous in autonomic sys- 
tems since the effector cells are small, and 
the mediator diffuses freely from cell to 
cell (Rosenblueth and Rioch, 1933). 
There is no quantal wave of excitation 
transmitted from cell to cell as in cardiac 
muscle (Rosenblueth and Rioch, /oc. cit.). 
In view of these reasons, it is possible 
that the initial potential of smooth muscle 
(Rosenblueth, Leese and Lambert, Joc. cit.) 
may not be strictly analogous to the spike 
potential of the conducted disturbance of 
striped muscle. Until more evidence is 
available, however; it is perhaps safer to 
assume this analogy. 

The evidence for the existence of the 
chemical mediator (link 6) has been 
obtained from autonomic systems (see 
Cannon, 1933, for references). We as- 
sume, however, that there is probably a 
chemical mediation in striped muscle like- 
wise, because a chemical theory is the most 
satisfactory explanation for the phenom- 
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enon of summation of contraction (Rosen- 
blueth, 1932b), and for peripheral inhibi- 
tion (see below) such as that which 
appears in the striped muscle of the claw 
of arthropods; also because the analogy 
with what occurs in smooth muscle is 
legitimate until proof to the contrary is 
presented; and finally, because no known 
fact contradicts this hypothesis (Rosen- 
blueth and Rioch, Joc. cit.). 

Link 7 is postulated to account for the 
relations existing between degree of stimu- 
lation (nervous or chemical) and response 
(Rosenblueth, 1932a and b), and to explain 
peripheral inhibition (Cannon and Rosen- 
blueth, 1933). 

It is probable that some of these steps 
are skipped in some systems. We indi- 
cated above that a conducted disturbance 
may not exist in some autonomic effectors. 
In the adrenal medulla the mediator, as 
shown by Feldberg, Minz and Tsudzimura 
(1933), is acetylcholine. Since the output 
of adrenin is a linear function of the fre- 
quency of splanchnic stimulation (Rosen- 
blueth, 1932b), it is reasonable to assume 
that acetylcholine acts here directly on 
the effector, without any previous com- 
bination with a receptive substance—i.c., 
step 7 is absent in this system. In all 
other systems studied the responses are 
hyperbolic, not linear, functions of the 
frequencies of parasympathetic stimula- 
tion (Rosenblueth, 1932b) and of the doses 
of acetylcholine (Clark, 1926). 

Adrenin and acetylcholine act on au- 
tonomic systems at link 7, as demonstrated 
by the lack of initial potentials (Rosen- 
blueth, Leese and Lambert, Joc. cit.). 
This is in accord with the fact that they 
are in all probability identical with the 
mediators postulated in link 6 for au- 
tonomic systems (see Cannon, 1933). 

The electric stimulus is capable of 
activating the conducted disturbances 3 
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and 5 as befits the now generally accepted 
idea that the propagation of the conducted 
disturbance is related to the electric phe- 
nomienon which accompanies it. Elec- 
tricity has also some direct effects on the 
contractile system of muscle (link 8), 
both striped and smooth (see Rosenblueth 
and Cannon, 1934, for references). These 
effects are, however, very small when 
compared to the contractions obtained 
when link 5 is affected. Electricity, on 
the other hand, probably has no direct 
effects on the secretory system of glands; 
certainly this is true if we may take as an 
example the denervated adrenal medulla, 
which is electrically inexcitable (Rosen- 
blueth and Cannon, 1934). 

Ergotoxine blocks sympathetic excita- 
tory impulses beyond link 7, at the effector 
system proper itself, since the conducted 
disturbances in the effectors persist (Rosen- 
blueth, Leese and Lambert, Joc. cit.), the 
mediator is still produced (Cannon and 
Bacq, 1931), and the combination of the 
mediator and the receptive substance still 
occuts (Cannon and Rosenblueth, 1933). 
Atropine probably exerts its paralyzing 
effects at the same level, since the mediator 
is likewise still produced (Loewi, 1922). 

Curare probably blocks the sequence for 
striped muscle at link 4, as shown by 
Claude Bernard (1854). Lapicque (1926) 
suggested that curare acts by increasing 
the chronaxie of muscle—i.e., at link 5. 
Grundfest (1932) and Rushton (1933) 
have brought forward evidence, however, 
that the muscular chronaxie is unaffected. 

The only two links known to be quan- 
tal, whatever the means employed to 
activate them, are links 3 and 5, the 
conducted disturbances. The proof of 
their all-or-none character is complete (see 
Ritchie, 1932, and Adrian, 1933). 

Our lack of knowledge of the relations 
existing between links 5 and 6 in smooth 
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muscle (see above) does not permit us to 
qualify the behavior of the latter with 
respect to the all-or-none principle. 

The evidence presented by Davis and 
Davis (1932), showing that in striped 
muscle the tension varies as the magnitude 
of the spike potential, is in favor, how- 
ever, of the view that 6 is a graded function 
of 5. 

Link 7 is not a quantal step; it follows 
the law of mass action (Rosenblueth, 
1932a and b). Link 8, finally, is a graded 
linear function of the concentrations of the 
compounds formed in link 7 (Rosen- 
blueth, 1932a and b). The effector system 
proper does not follow, therefore, the 
all-or-none principle. 


CONDUCTION IS QUANTAL, EXCITATION 
Is GRADED 


In so far, then, as it is legitimate to 
separate conduction from excitation, and 
the schema and evidence presented justify 
this separation, conduction is quantal 
while excitation is graded. Thus adrenin 
and acetylcholine, which excite without 
conduction, elicit exclusively graded re- 
sponses. Any investigation which in- 
cludes either of the two quantal processes 
of conduction, 3 and 5, may reveal an 
all-or-none relation between stimulus and 
response. Indeed, if one deals with ele- 
ments (single nerves or effectors) the 
quantal type of response will invariably 
appear (Lucas, 1909; Adrian, 1914; Pratt 
and Eisenberger, 1919; Adrian, 1922; 
Bozler, 1927, 1928, 1931; etc.). Experi- 
ments may be devised, however, which, 
although including the quantal steps, 
reveal the graded links. Thus, the results 
of Rosenblueth and Rioch (loc. cit.) do not 
follow the all-or-none principle. These 
results are the following: after a large 
fraction (e.g., 5/6) of the nerve supply to 
an autonomic effector has been destroyed, 
the mechanical responses to high fre- 
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quencies of stimulation (e.g., 20 per sec- 
ond) of the remaining nerves tend to 
become equai to those obtained by the 
same high frequencies before the nerve 
supply was impaired, while the responses 
to low frequencies (e.g., 1 per second) are 
considerably decreased. If the mode of 
excitation of the effector were exclusively 
all-or-none (i.e., if there were no graded 
steps) a constant fraction of the original 
responses would be obtained at any fre- 
quency. There is some mechanism in 
play by which any nerve fiber may influ- 
ence a large proportion of the elements 
of the effector, and this mechanism is 
graded. An adequate explanation is that 
there occurs a free diffusion of the mediator 
from cell to cell, unlike what happens in 
striped muscle. 

From the physiological standpoint, the 
specific reactions of the effectors are 
usually elicited by quantal nerve impulses, 
whose number varies temporally or spa- 
tially. The interposition of the chemical 
mediation tends to convert this intermit- 
tent, quantal mode of excitation into a 
continuous, graded process. In autonomic 
effectors the gradation and continuity are 
still further emphasized by the free diffu- 
sion of the mediator. In effectors supplied 
by the sympathetic an exclusively graded 
mode of stimulation occurs when adrenin 
is secreted into the blood stream. 

The free diffusion of the mediator in all 
autonomic systems and the activation of 
sympathetic systems by means of adrenin 
decrease considerably the possibility of 
spatial localization of the responses in the 
corresponding effectors. The lack of dif- 
fusion in skeletal muscle, on the contrary, 
favors this localization. This difference 
in the mode of activation of striped and 
smooth muscle is in keeping with their 
functions: precise movement of the former 
and diffuse action of the latter. 

There is some evidence pertinent to the 
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subject which has not been included in 
this discussion. Gelfan and Bishop (1933) 
observed conducted contractures without 
action potentials on mechanical stimula- 
tion of single striped muscle fibers of the 
retrolingual membrane of the frog. The 
necessary conclusion is that there is some 
other possible mechanism of conduction 
than the known wave of depolarization. 
It is impossible to decide at present 
whether this other mechanism has any 
physiological significance. 

A broader generalization, which would 
include the central nervous system, is 
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desirable. Although a similar schema 
may serve as a help for the study of the 
transmission of impulses in the central 
nervous system, it is premature at present 
to attempt an inclusive generalization. 

Obviously, link 8, the specific reaction 
of the effector, is in itself a complex 
process. But this process will be different 
in different effectors, and elude a general 
treatment. The schema presented at- 
tempts to cover only conduction and exci- 
tation. We find these processes complex, 
but probably fundamentally identical in 
very different structures. 
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BRIEF NOTICES 


EVOLUTION 


Tae PaytoGeny or Zga Mays. 
By Paul Weatherwax. American Midland 
Naturalist, University of Notre Dame, 
Notre Dame, Ind. socents. 9X §%;71; 
1935 (paper). 
Weatherwax accomplishes two useful 
things in this booklet. He sets down the 
botanical facts that are definitely and cer- 
tainly known about Zea mays and closely 
related plants, and he critically examines 
the various hypotheses that have been 
advanced to account for the origin of a 


—_ that has such obvious handicaps in 
the struggle for existence. No one is 
better qualified than he for both tasks. 
The morphological data are presented in 
words and in drawings in clear and concise 
fashion and his criticisms are both vigor- 


ous and fair. 
conclusions: 


He is guarded in his own 


It seems to me much more in accord with our 
general ideas of evolution to picture the forerunner of 
maize as having separated much earlier from the 
same stock as the Andropogonae and having pursued its 
own course of evolution in complete isolation from 
teosinte, arriving ultimately at the combination of 
characteristics previously listed in our description of 
the hypothetical wild plant at the time of its adop- 
tion by the Indians. 


There is a touch of melodrama in his 
supposition that ne the timely discovery 
of maize by some prehistoric Central Amer- 
ican farmer saved the species from extinc- 
tion. Taken as a whole it is a provocative 
piece of writing, and it may stimulate 
someone to find the facts that make a final 
a oy me possible. There is a bibliog- 
taphy but no index. 


GENERATION OF THE UNIVERSE AND ‘‘De- 
SIGN FOR Livinc.” 

By Percy A. Campbell. Percy A. Campbell, 

16208 Nelaview Rd., East Cleveland, O. 

$1.50. 7i X $4; 101; 1934. 
A rege seme treatise on life, evolution 
and the cosmos. The fundamental thesis 
is stated in the dedication page, ‘“This 
book is dedicated to that most funda- 
mental of all relativity principles, Hegel's 
doctrine of the inseparable twinship of 
being and non-being.”’ From time to time 
a little theoretical physics, Euclidean ge- 
ometry, and latest theories on evolution 
are brought in. The book is readable. 


R 


BerorE THE Dawn or History. 
By Charles R. Knight. Whittlesey House, 
McGraw-Hill Book Co., New York. $2.50. 
9 X 12; xiii + 119; 1935. 
This is a handsome volume which should 
have great appeal for both the art-lover 
and the biologist. Mr. Knight's murals of 
prehistoric subjects are well known to 
many people and one feels a service has 
been rendered in assembling so many of 
them in book form. A brief annotation, 
scientific in character, supplements the 
illustrations. 


Tue Screntiric Basis or Evotution. Sec- 

ond Edition. 
By Thomas H. Morgan. W. W. Norton 
and Co., New York. $3.50. 84 x 54; 
308; 1935: 

The first edition of this book was reviewed 
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in Volume 8, page 101. In the second edi- 
tion Professor Morgan adds a chapter on 
“Recent contributions to the theory of 
evolution,’’ in which he deals with the 
newer work on the theory of the gene, the 
inheritance of acquired characters and the 
origin of species. There is a bibliography 
of 23 pages and an index. 


R 
GENETICS 


Kreps UND VERERBUNG. 

By Hans R. Schinz and Franz Buschke. 

Georg Thieme, Leipzig. 21 marks (paper); 

23 marks (cloth). 10x 6§; 280; 1935. 
The authors present a critical review of 
much of the recent work on the influence 
of heredity on cancer in man and in experi- 
mental animals. Many workers in the 
field may not agree with some of their 
deductions, but nevertheless this book is, 
it seems to us, one of the best surveys yet 
available on this still unstabilized subject. 
Beginning with a brief presentation of the 
principles of genetics, the authors review 
the literature on the genetics of spontane- 
ous tumors in laboratory animals, genetics 
of human tumors, transplanted tumors in 
animals, and cancers produced by chemi- 
cal, parasitic or x-ray stimulation. They 
are careful not to assign to all cancers 
conclusions obtained for one. Three 
broad groups are given in which heredi- 
tary and environmental factors differ in 
degree and importance in their production: 
(1) those almost entirely dependent on 
genetic factors, as in retinal glioma; (2) 
those mainly dependent upon exciting 
stimuli, such as tar cancers; (3) those in 
which both genetic background and stim- 
uli, very often physiologic, appear to be 
essential. Most human cancers are as- 
signed to this third and most difficult 
group. 

An extensive bibliography and author 
and subject indices are provided. 


g 


Tae Genetics or GARDEN PLANTS. 
By M. B. Crane and W. J. C. Lawrence. 
The Macmillan Co., New York. $3.00. 
8} x §2; xvi + 236; 1934. 

Mr. Crane and Mr. Lawrence of the John 
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Innes Horticultural Institution have writ- 
ten an excellent textbook for students of 
horticulture and practical plant breeders. 
The fundamental principles of cytology 
and _— are clearly and succinctly 
stated. Three chapters 30-40 pages in 
length are devoted to summaries of recent 
contributions to the knowledge of cytol- 
ogy and genetics of flowering and orna- 
mental plants, vegetable and salad plants, 
and fruits; fields in which the authors have 
done important work. The last third of 
the book is a discussion of bud-sports and 
variations, incompatibility, sterility, and 
the appearance of new forms. There is a 
glossary, a bibliography, and a good index. 


® 


Bioop Groups AND BLoop TRANSFUSION. 
By Alexander S. Wiener. Charles C. 
Thomas, Springfield, Ill. $4.00. 10 x 
64; xiv + 220; 1935. 

A synthesis of the more important facts 

regarding blood groups. The author out- 

lines the principles of iso-agglutination, 
technique of blood-grouping and blood 
transfusion together with their clinical 

Fy soem In more detail he presents 

the theories regarding heredity of blood- 

o-- and includes a summary of Men- 

elian principles and statistical methods. 

The racial differences observed and the 
medico-legal applications are also amply 
discussed. The book is written in very 
clear style with sufficient references and 
will be found useful as a compendium of 
the more recent discoveries. 


B 


Praxtiscxe Usuncen zur VERERBUNGS- 
LEHRE. Fair Studierende, Arzte und Lebrer. 
Zweite vermebrte und verbesserte Auflage. 
Erster Teil: Allgemeine Vererbungslebre. 

By Gunther Just. Julius Springer, Berlin. 

6 marks (paper); 6.90 marks (cloth). 

9} x 64; vi + 137; 1935. 
This excellent outline of laboratory exer- 
cises for beginning students of genetics has 
been greatly enlarged and rewritten to 
bring it up to date. The problems in bio- 
metric analyses have been increased from 
six to ten, and those on Mendelian experi- 
ments from seven to fifteen, whereas the 
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section on human pedigrees has been omit- 
ted from this volume of the work. The 
pibliography has been extended to include 
recent work. 


Diz GENEALOGISCHEN METHODEN ALS 
GRUNDLAGE DER MENSCHLICHEN ERB-, 
RassE- UND KONSTITUTIONSFORSCHUNG. 
By Max Kassbacher. Otto Gmelin, Mun- 
ich. 1.80 marks (paper); 2.70 marks 
(cloth). 83 x $2; 51; 1934. 
A short exposition of the methods of col- 
lecting and portraying genealogical ma- 
terial. Some material on the racial and 
biological factors influencing family traits 
is included. The brochure is adequately 
illustrated and equipped with a bibliog- 
raphy of four pages. 


Ry 


PrincipLes OF GENETICS AND EuGEnics. A 
Study of Heredity and Variation in Plants, 
Animals, and Man. 
By Nathan Fasten. Ginn and Co., Boston. 
$2.80. 84x 5}; vili + 407; 193 


5: 
The Jukes and the Kallikaks still doing 
business at the old stand! The straight 
genetic chapters are quite well done for 


an elementary text. 


B 


GENERAL BIOLOGY 


Tue Puitosopny or A Bioxocist. 

By J. S. Haldane. Oxford University 

Press, New York. $2.50. 7% x 43; xii + 

155; 1935- 
In this interesting book Professor Haldane 
gives a succinct summary of his philosophy 
as it has developed out of his work as a 
physiologist. This has convinced him 
that the purely physical interpretation of 
the universe, however serviceable practi- 
cally, is inadequate to deal with the inte- 
gtation and coordination which the living 
world manifests. Moreover when we 
come to deal with the conscious activities 
which psychology takes for its province 
the concept of personality, with its perc 
tions, motives and actions inextricably 
interrelated, is essential to any under- 
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standing of the subject. But personality im- 
plies more than the individual personality. 


Our interest extends into the interests of other 
personalities, and over a past and future beyond the 
apparent time limits of individual personality. It 
includes the striving after right or good conduct, 
which is far more than an expression of mere indi- 
vidual interest. It also includes the search after 
truth, which, even though the truth is only partial, 
has binding authority for all personalities: also the 
perception and furtherance of beauty, which appeals 
to all, regardless of their individual interests. We 
find also that right, truth, and beauty are essentially 
one. We cannot interpret these features in any other 
way than that all-embracing personality manifests 
itself in individual personality, and that in this 
all-embracing personality is summed up the reality of 
our experience. 


Thus the author leads us by successive 
steps to a view of the real universe as “‘a 
universe oh eee and the manifesta- 


tions of God.”’ 
BS 


Tae Natura History or tae HitcHin 
Recion. 

Edited by Reginald L. Hine. Contributors: 

E. F. D. Bloom, G. B. Howells, J. E. 

Little, Ray Palmer, A. H. Foster, F. W. 

Edwards,W.H. Lane. Hitchin and Dis- 

trict Regional Survey Assoc., Hitchin, 

Hertfordshire. 7s. 6d. net. 9} x 63; 

256 + 25 plates + 2 folding maps; 1934. 
This volume is meant to be a naturalist’s 
guidebook to the region lying within a 
radius of ten miles of Hitchin, a town 
about thirty miles north of London. A 
multitude of naturalists have studied this 
district, their publications have been 
numerous and so, for the most part, this 
volume is not so much a ca of new 
work as it is a discussion of the most note- 
worthy natural features, an annotated list 
of local plants and animals, and a bibliog- 
raphy a works dealing with the natural 
history of the region. 

E. F. D. Bloom contributes an excellent 
article on geology and very neatly indi- 
cates the dependence of plant life and of 
human activities on the physiography of 
the region. His maps are very helpful and 
there is an Ordnance Survey map of the 
Hitchin district in a pocket at the back of 
the book. He also has a short article on 
aromatic and medicinal herbs. 
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The annotated list of the animals of the 
district is largely the work of Ray Palmer 
and A. H. Foster, the former treating most 
of the invertebrates and the latter treating 
the vertebrates and the Lepidoptera. 
F. W. Edwards treats the Diptera. J. E. 
Little's article on botany lays rather more 
emphasis on local botanists than it does on 
local plants. W. H. Lane discusses the 
archeological finds made in the district, 
from Acheulean flints to relics of the 
Norman period. 

The book is very well illustrated 
throughout and has an index and biblio- 
graphic citations. It is unfortunate that 
the names of the authorities were not 
appended to the Latin names of animals 


and plants. 
® 


BroLtoGy ror EveryMaNn. In two volumes. 
By ]. Arthur Thomson. Edited by E. L. 
Holmyard. E. P. Dutton and Co., New 
York. $5.00. 73 x §; xvili + 1561; 


1935- 
Thomson's introduction to biology will 
probably turn out to be the cleverest piece 


of popular scientific writing of the year. 
In formal outline it follows the usual 
arrangement of the standard textbooks, 
but he seems to have adopted the principle 
that so far as possible he would include no 
technical details to which he was not 
going to refer a second time. His em- 
phasis is on the interrelationships between 
the several parts of an organism and on the 
interrelationships that exist between dif- 
ferent species under natural conditions. 
Its chief merit, it seems to us, is that it 
makes it possible for a reader to get a 
synoptic view of nature that he might 
ordinarily lose in a confusion of details. 
It will not take the place, of course, of the 
standard textbooks, but it will teach some 
biology in a thoroughly sound manner toa 
multitude of people who might not learn 
it otherwise. The factual content of the 
two volumes is about the amount a college 
student would be introduced to in his first 
two or three biology courses but it is 
presented in an informal way and with a 
wealth of apposite anecdote that only an 
experienced teacher would have at his 
command. There is an excellent index 
but the illustrations are poor. 


THE QUARTERLY REVIEW OF BIOLOGY 


A Manuat or Drawinc ror Science Srv- 


DENTS. 
By Justus F. Mueller. Farrar and Rine- 
8 x 5%; xiii + 


hart, New York. $1.75. 

122; 1935. 
Biologists will welcome the appearance of 
a textbook of drawing that is based on 
sound technical principles and is concisely 


and clearly written with their needs in 
mind. 


The first five chapters of the book, and part of the 
sixth, discuss principles involved in even the most 
elementary gochione of drawing, and hence should be 
of interest to the general student. The sixth and 
seventh chapters are designed to meet the needs of 
advanced students and research workers, who have 
greater facilities for making drawings, and who must 
produce work acceptable for publication. 


Mueller wisely undertook to explain the 
reason for each of the general principles 
and procedures he recommends, an appeal 
to the prejudices of his readers, and sup- 
plemented his words by series of sketches 
showing the stages in the construction of 
a number of drawings. His methods, and 
the order in which he presents them, are 
based on orthodox art school practice. 
There are ninety well chosen illustrations 
and there is a good index. 


By 


Coxp Sprinc Harsor Symposia oN Quan- 
TiTaTIve Brotocy. Volume II. 

The Biological Laboratory, Cold Spring 

Harbor, Tone Island, N. Y. $3.35. 

103 x 72; xii + 284; 1934. 
These papers and edited discussions grow- 
ing out of the second Cold Spring Harbor 
Symposium deal with the general question 
of ‘‘growth.’’ The papers cover a wide 
variety of subjects under this general head- 
ing dealing with chemical, physical and 
mathematical aspects of growth; genetic 
and ontogenetic aspects of growth; growth 
as exemplified by experimental population 
studies on yeast, protozoa and Tribolium, 
and growth as influenced by radiation. 
The papers, quite naturally, form a rather 
heterogeneous collection of material in 
which there is little integration of the 
subject matter. However, many of the 
reports are certainly valuable and authori- 
tative and the enterprise as a whole seems 
worthy of praise. The discussions after 
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each paper frequently bring out suggestive 
points and also add. a personal touch to 
the volume which is quite novel. 


B 


UrpDEUTSCHLAND. Deutschlands Naturschutz- 
gebiete in Wort und Bild. Lieferungen 1, 2, 
» 455s 6. 

: By Walther Schoenichen. J. Neumann, 
Neudamm. 2 marks each. 103 x 8}; 
Lief. 1, 1-24 + 9 plates; Lief. 2, 25-48 + 
g plates; Lief. 3» 49-72 + 9 plates; Lief. 
4, 73-96 + 9 plates; Lief. 5, 97-120 + 9 
plates; Lief. 6, 121-144 + 9g plates; 


1934-35 (paper). 
This beaatifully produced work will ap- 
pear in two ma of twelve Lieferungen 
each, to be published monthly over a space 
of two years. It may be said to be part 
of the Appreciation of Nature in the Vater- 
land movement, and is intended for persons 


interested in the conservation of wild life, 
foresters, school and public libraries, hik- 
ers and travel bureaus. 
will be confined to geolo 
_ and animal life. 


The first volume 

, the second to 
ere are abundant 

autiful illustrations, each number con- 
taining a colored plate (usually a reproduc- 
tion of an oil painting) and eight full-page 
photographs, besides smaller photographic 
reproductions, maps and schematic draw- 


ings in the text. 


Brotocy ror Mepicat STupENTs. 

By C. C. Hentschel and W. R. Ivimey Cook. 

Longmans, Green and Co., New York. 

$7.00. 84x 5}; xii + 618; 1932. 
This book is intended as a text for pre- 
medical students. It contains examples 
from zoology and botany needed to illus- 
trate fundamental principles. Since the 
future of the student is constantly kept in 
mind such matters as pathogenic protozoa 
and the physiology of endocrine glands in 
relation to health and disease are men- 
tioned. A whole chapter is devoted to the 
tape worm (Taenia). The book is well 
written, and has all of the necessary ele- 
ments needed for a good biological 
foundation. 
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Aprercus Toucaant tes O1seaux, Les IN- 
SECTES ET LESPirantes. (Trois Mondes d'une 
Vie Intense Autour de Nous). 

By A. Guéniot. J.-B. Baillitre et Fils, 

Paris. 20 francs. 7} x 43; iii + 224; 

1934 (paper). sabi 
These three little essays on birds, insects 
and plants were written after Doctor 
Guéniot passed his eighty-fifth birthday 
Che is now 102) and after he had retired 
from medical practice. One of his motives 
in writing them was to prove that old age 
does not necessarily mean an ignominious 
and idle retirement. The essays take the 
form of field notes on such animals and 
plants as he kept under observation and 
are intended, as he says, for children and 
old people. There are no illustrations and 
there is no index. 


Be 
Bio.ocy. 


By Frederick L. Fitzpatrick and Ralph E. 

Horton. Houghton Mifflin Co., Boston. 

$1.76. 7} x 5%; xiv + 611 + xlv; 1935. 
A high school text in biology is here pre- 
sented, designed to teacli understanding of 
the basic principles of the living world. 
It is put together and written in an inter- 
esting and straight-forward manner with- 
out the interjection of the absurd and 
artificial devices to amuse and stimulate 
interest that have unfortunately character- 
ized some of the recent biology texts. It 
a to one as a scientific book simpli- 
fied and condensed to fit the capabilities 
of high school pupils. 


R 


Brotocicat Movie Booxtets. Vol. I, 
Normal Cell Division. Vol. II, Maturation 
of Sperm. Vol. VI, Fertilization. 
By Clyde E. Keeler. American Genetic 
Association, Washington. Set $1.50 (Sep- 
arately: Vol. I, 50 cents; Vol. II, 60 
cents; Vol. VI, 70 cents.) 1} x 24; 
pages unnumbered; 1935. 
These movies are amusing and instructive, 
though it is unfortunate that Ascaris is 
chosen to illustrate normal cell division, 
since the behavior in all parts is not always 
typical. There is a brief introduction to 
each booklet, explaining the contents, but 
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without textbook preparation the student 
will not learn a great deal. 


B 


La Fé&conpaTiIon chez les Animaux et chez 
les Végttaux. 
By Henri Coupin. J.-B. Baillitre et Fils, 
Paris. 22 francs. 84 x 54; 203; 1934 
(paper). 
A very good discussion of the phenomenon 
of fertilization in the plant and animal 
kingdoms. The book is liberally illus- 
trated and has an index. It is one of the 
Actualités Scientifiques et Industrielles series. 


B 


HUMAN BIOLOGY 


Tae Restrictive Law or PopuzatTIon. 
Imperial College of Science and Technology, 
Huxley Memorial Lecture, 1934. 

By Johan Hjort. The Macmillan Co., 

New York. socents. 84x 5%; 46; 1934 

(Paper). 
Professor Hjort’s analysis of the popula- 
tion problem grounds itself fundamentally 
upon two propositions: (1) that the logis- 
tic curve (which he calls the ‘‘sigmoid 
curve’’) accurately and very generally 
describes the growth of populations of 
living organisms, and (2) that Newton's 
law of motion applies to biological phe- 
nomena when stated in the following 
form: 

‘Any given historical equilibrium will 
remain as such or in an incipient state of 
change, unless the action of forces in this 
environment alters this condition of 
things."’ 

His discussion of the world’s present 
difficulties is sound and shrewd: 


This comprehension of the structure of society and 
of the many and various forms of occupation, all at 
different stages on the curve of growth, furnishes, 
perhaps, the clearest picture of the social mentality 
and of the social organization which has created our 
European civilization. Europe is an edifice founded 
and built up on the intelligence of millions of people 
—on their work and the ingenious use they have 
made of a thousand possibilities. The multifarious 
little undertakings created in this way occupy, at any 

iven time, very different stages in the evolution of 

uman occupations. Thisinitself makes it impossible 
for them all to offer their employees the same equal 
conditions of life at the same time. 

As a growing population approaches its maximum 
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height and further extension of the environment 
seems to be excluded, the whole foundation of society 
seems to become more unstable, so that a s of 
inner dissolution (struggle for enlensnes} sets in, 
which often causes the foundation to collapse in 
sudden ruin. 

The divided state, the struggle for existence, war, 
are symptoms of ovet-population; they are not rem- 
edies for over-population. The object of society is, if 
possible, to prevent over-population from occurring. If 
aoagnate exists, the proper remedy is to limst the 
divi state. These words enshrine the social 
philosophy of biology. War destroys the wealth, 
the organizations, the liberty in the environment of 
populations, and therefore creates over-population 
in relation to the reduced environment. War creates 
an aftermath of experiments intended to mitigate the 
suffering which is part of the disease created b war; 
and these remedies often prove worse than the disease 
itself because the erally prevent the national 
and international division of labour and nevertheless 
are considered and applied as a means of creating 
new wealth for the nation. In reality the purpose of 
these means is to maintain a maximum population in 
the reduced environment, and experience always 
shows that this can only be done by lowering the 
general standard of life. 


All serious students of population will 
do well to read and ponder over this 
pamphlet by a distinguished biologist. 


R 


Tue Essentiat Factors or Soctat Evo- 
LUTION. 

By Thomas N. Carver. Harvard University 

Press, Cambridge. $5.00. 84x 53; xi+ 

564; 1935. ae 
This volume by a distinguished economist 
represents, according to his own statement, 
a life-long interest that he had hoped 
would ultimately jell into a ‘‘monumental 
work on the general subject of Social 
Evolution.’” In the end, however, he 
concluded that this contemplated treatise 
was beyond his powers, and so produced 
the present volume, which he regards as a 
compromise between his ‘‘ambition and 
his ability.” 

The result is an interesting, useful, and, 
particularly to the biologist, a re song 
work. For Prof. Carver's viewpoint an 
approach throughout is much more intelli- 
gently biological than most sociologists 
seem able to achieve, or even to under- 
stand. He stresses survival value as a 
mo element in the evolutionary process, 
and interprets social evolution in terms 
of variation and selection. These phe- 
nomena as observed in human social groups 
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are regarded as in direct continuation of 
the corresponding phenomena among indi- 
viduals in biological evolution, with the 
result that in the production of human 
societal relationships variation and selec- 
tion among social groups are additional 
factors added to the strictly biological 
elements in the picture. The relationship 
of this point of view to that of emergent 
evolution, as developed particularly by 
Wheeler, is evident. 

The book is abundantly documented, 
readably presented, and well indexed. 
The best Br about it is its good sense. 
We have space for illustrations of the point 
only by one quotation. Discussing the 
ancient problem of environment and hered- 
ity Professor Carver says (p. 403): 

One of the great facts of human ecology is that 
men mold their environment almost as much as the 
environment molds them. Nor is the molding of the 
environment confined to the physical side. Men 
create for themselves a social environment which is 
quite as artificial or man-made as the new physical 
environment which they build around themselves. 
One weakness no environmentalist has yet overcome. 
No one is able to say what a good environment is 
like, because no environment is good for everybody. 
Biologists have found out a few things about heredity ; 
sociologists have found out very little, if anything, 
about the way any given environment affects char- 
acter. That which is a good environment for one 
person is a bad environment for another. The im- 
pressions one individual receives from a given set of 
circumstances are different from those which another 
person receives. 


Altogether we strongly recommend this 
book to students of human biology. 


R 


An INTRopucTION To CuLTURAL ANTHRO- 
POLOGY. 

By Robert H. Lowie. 

New York. $3.50. 

1934. : ; 
Professor Lowie's experience as a teacher 
has shown him ‘‘that most students of 
cultural anthropology and other social 
sciences are very slow in acquiring an ele- 
mentary knowledge of culture history, and 
that many fail to acquire the relevant facts 
and concepts even years after they have 
launched on a professional career as an- 
thropologists.’" To remedy this defi- 
ciency is the object of this excellent 
book, which is arranged under the follow- 
ing chapter headings: Introduction: cul- 


Farrar and Rinebart, 
84 x 54; xiii + 365; 
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ture, race and progress; hunting, fishing, 
gathering; farming; domestic animals; fire, 
cooking and meals; dress and ornament; 
houses and settlements; handicrafts; trade 
and transportation; amusements; art; war; 
marriage and the family; the clan; rank, 
etiquette and property; government and 
law; religion and magic; knowledge and 
science. In dealing with these topics the 
objective has been “‘to stress the simplest 
tribes, such as the Fuegians and Aus- 
tralians, and, on the other hand, to link 
the culture of illiterate peoples with the 
higher civilizations, past and present.”’ 

Although this is not a polemic, like 
Radin’s The Racial Myth, against attempts 
to explain culture in terms of race, the 
racialists will get very little nourishment 
out ofit. ‘Since biological change occurs 
slowly and cultural changes occur in every 
— it is futile to try to explain the 

eeting phenomena of culture by a racial 
constant. We can often explain them— 
in terms of contact with other peoples, of 
individual genius, of geography—but not 
by racial differences.”’ 

A bibliography of 13 pages, an index 
and maps showing the location of the cul- 
tures discussed are provided. 


B 


Lexicat Eviwence From Foix EpicRrapay 
tn Western Norts America: 4 Glossarial 
Study of the Low Element in the English 
Vocabulary. 

By Allen W. Read. Paris (Privately 

printed). 9 x 52; 83; 1935. 
Anthropologists, psychologists and stu- 
dents of human biology generally will 
find in this small volume a record, of per- 
manent historical value, of the current 
American fashions in obscene inscriptions. 
It is quite evidently an extremely ancient 
urge that leads human beings to adorn 
with obscene drawings and written senti- 
ments the places set apart for the reception 
of digestive and excretory waste products. 
The author of this treatise, a distinguished 
ora and Research Associate in Eng- 
ish in the University of Chicago, has 
brought together a substantial and prob- 
ably fairly complete (particularly for the 
Middle and Far West) collection of such 
inscriptions, and discussed them thor- 
oughly and learnedly from the viewpoint 
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of comparative linguistics, history and 
ethnolo The results are of great inter- 
est to the student of folkways. One of 
the strangest of these results, all things 
csuslivanl is the extraordinarily slight 
change there has been in the sentiments 
expressed and in the form of their expres- 
sion since this type of folk epigraphy 
began, which probably means when writ- 
ing began. . Read quotes a number of 
examples from the Corpus Inscriptionum 
Latinarum for comparison with those of 
the present day, and then goes on to sa 
(p. 22): ‘So close is the parallelism bot 
in spirit and in form between these Latin 
epigraphs and the ones found in western 

orth America that clearly the Americans 
are merely carrying on the classical 
tradition.”’ 

Obviously this book cannot be freely 
distributed under our laws. Its circula- 
tion is restricted to ‘‘students of linguistics, 
folk-lore, abnormal psychology, and allied 
branches of the social sciences,’’ and only a 
very limited edition has been printed. 


B 


Sprper Woman. A Story of Navajo Weavers 
and Chanters. 

By Gladys A. Reichard. The Macmillan 

Co., New York. $3.50. 84 x 52; xii + 

287 + 9 plates; 1934. 
The author, a young professor at Barnard 
College, spent several summers among 
the oak the outstanding weavers of 
the Western hemisphere, endeavoring to 
master the complicated art of weaving. 
The book is written in a pleasant narrative 
style, and while largely concerned with 
her own struggles with carding and spin- 
ning, handling looms, wools, batters and 
combs, through it all runs a story of 
Indian weavers and chanters, Indian char- 
acter and customs. Among the latter of 
particular interest are the chants and sand 
paintings, of which the author says: 


The chants which I think of as charms include 
singing, administration of herbal medicine, and appli- 
cation of sacred objects to the body. Among the 
most sacred are the sand-paintings, made at particular 
times during the chant, by artists allowing colored 
sand to sift through their fingers in the most incredible 
and regular manner. The result is an astonishing 
composition of symbolical figures in the softest shades 
of black, blue, yellow, white, red and pink on — 
tan beck ground. The artists themselves need skill, 
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but they need not know the pictures. This is the 
duty of the chanter who directs them. The art, a 
beautiful and unusual one, is evanescent. Paintin, 
which take hours to make are, by the rules of “4 
chant, ruined in twenty minutes, removed in less 
than half an hour after their completion. For these 
reasons there is considerable interest on the part of 
whites to preserve this transitory art [by executing 
the paintings on pee with tempera, and weaving 
the designs into blankets]. 

The book is rather too sketchy to be much 
of a contribution to ethnology or to the 
subject of historic fabrics. It is well 
illustrated with very good photographs. 


B 


Tue Rocx-ENcravincs oF GrIQUALAND 
West AND BEecHUANALAND, SouTH AFRICA. 
By M. Wilman. Alexander McGregor 
Memorial Museum, Kimberley; Deighton 
Bell and Co., Cambridge. 25 shillings net. 
124 x 93; xii + 78 + 70 plates and 

folding map; 1933. 

This beautifully printed quarto by Miss 
Wilman, who is Keeper of the Kimberley 
Museum, records the results of an exten- 
sive, though not complete, survey of the 
strange rock engravings of South Africa. 
A _ canieek of scholarship is main- 
tained throughout the report, which 
opens with a bibliographic section in 
which the prior literature on these engrav- 
—* critically reviewed and digested. 
¢ engravings are of animals, men, 
plants, geometrical designs, and foot- 
ints of men and animals of various sorts. 
are made either as incised lines on 
the surface of the stone, or as stippled 
C‘‘pecked’") outlines. No one knows 
with what tools they were made—Miss 
Wilman thinks probably a diamond, 
others think quartz or chalcedony flakes. 
They are probably older than any but the 
oldest of the pone | paintings in the same 
region. Miss Wilman attempts to specify 
their age no more precisely than ‘many 
centuries”’ for the oldest engravings. Ar- 
tistically many of them are charming, and 
indicate a high talent. 

The report is copiously and intelligently 
illustrated with some 70 photogravure 
plates, 16 text figures and a detail map 
showing the location of the sites. There 
is a bibliography of seven double-column 
pages, and an adequate index. 

hile this cannot be regarded as an 
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epoch-making contribution to ethnology, 
it is a sound, careful, thorough objective 
record of fast disappearing artefacts of a 
primitive civilization and as such of great 
value. The Royal Society of South Africa 
and the Carnegie Corporation of New 
York made no mistake in financially aiding 


this work. 
Bs 


Tae PoputaTion Prosiem 1n Inpia. A 
Census Study. 

By P. K. Wattal. Bennett, Coleman and 

Co., Bombay. Rs. 3-8. 74 x 5; xii + 

185; 1934. 

Brief and unpretentious as it is, this book 
is one of the most important treatises on 
population questions in recent years, in 
our considered opinion. It is an enlarged 
and completely rewritten edition of a work 
that first appeared in 1916. The author is 
a competent statistician, fellow of both 
Royal Statistical and the Royal Economics 
Societies. He evidently knows his India 
thoroughly. 

With a ee terseness, absence of 
sentimentality and moral judgments, Mr. 
Wattal exposes realistically the actual 
population situation in India, document- 
ing the position at every step from official 
census figures. On the basis of his analy- 
sis of the actualities, which in sum are 
pretty shocking, he proceeds to suggest 
sensible steps that might be taken for 
their amelioration. These include reduc- 
tion of the death-rate by more effective 
—_ health measures; reduction of the 

irth rate through birth control; a strenu- 
ous campaign for widow re-marriage; 
extension of the Sarda Act (against infant 
and child marriages); eugenic marriage 
restrictions. 

Writers of the western world on popula- 
tion love to talk about India, mostly 
without taking pains to inform themselves 
as to the realities. We cannot too 
strongly recommend this little book as a 
healthy corrective to a good deal of misin- 
formation and nonsense now current. It 
is a fine piece of work. 


m 


Firry Years or Mepictne AND SuRGERY. 
An Autobiographical Sketch. With special 
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reference to the organization and administra- 
tion of Surgery, Gynecology and Obstetrics, the 
Clinical Congress, the American College of Sur- 
geons, the Gorgas Memorial Institute, and the 
articipation of the medical profession in the 
orld War. Based om personal diary, pro- 
fessional writings, and digest of professional 
activities during fifty years. Prepared in 
narrative form for the lay public and the 
medical profession. 
By Franklin H. Martin. Surgical Pub- 
lishing Co., Chicago. Privately pub- 
lished; not offered for sale. 84 x 54; 
xxvii + 449 + 21 plates; 1934. 
This is an interesting chronicle of a man 
who started practicing medicine in 1880 
before Sir — Lister revolutionized 
surgery with his idea of antisepsis. The 
author was among the first of American 
surgeons to put Lister’s theories into 
actual practice in the operating room. 
In the years he practiced he contributed 
much to modern medicine and surgery. 
It was he who conceived and developed 
the journal Surgery, Obstetrics and Gynecol- 
2): He also organized the American 
ollege of Surgeons. 
Doctor Martin, in the course of his long 


life as a practitioner, teacher and experi- 
mentalist, met many of the outstanding 
physicians and surgeons of this and other 
countries; some of his contacts with these 
people are related in his book. This vol- 
ume will be enjoyed by the admirers and 
friends of F. H. Martin. 


B 


Hanvepness, Right and Left. 
By Ira S. Wile. Lothrop, Lee and Shepard 
Co., Boston. $2.75. 84x54; xili+ 439; 
1934. 
A j- . survey of a subject which 
is now recognized as an important field by 
sychologists and students of behavior. 
e author has delved extensively into 
the history of the use of the right and left 
hands. Indeed he carries his studies back 
to hand preferences in primitive man and 
even includes a section on heliotropism 
and heliocentrism. Other subjects which 
are discussed are philology and hands, 
causation of dominant handedness, magic 
and hand values and — and hand 
symbolism. In the final section the 
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author urges that natural handedness 
should be fostered and conserved. ‘‘Hand- 
edness as a biological function is one means 
of releasing the energy of the total per- 
sonality. The social regulation of hand- 
edness reduces energy efficiency. The 
whole being is most harmonious when its 
basic unity is respected in terms of struc- 
ture and function’’ and “The conversion 
from right-handedness to left-handedness 
is not common, but it is, none the less, 
fraught with distinct hazards. The con- 
version from left-handedness to right- 
handedness is too commonly practiced and 
it frequently involves very definite diffi- 
culties which are expressed in the forms of 
seemingly trifling, Set frequently severe, 
disorders of behavior. Society often pays 
a high price for its folly."’ 

The volume contains a lengthy litera- 
ture list and an author and subject index. 


B 


Hett-Ho te or CreaTIon. 
of Abyssinian Danakil. 

By L. M. Nesbitt. Alfred A. Knopf, New 

York. $3.75. 84x 53; xi + 380 + viii 

+ 16 plates and folding map; 1935. 

The story goes that three times expedi- 
tions were launched to explore the Danakil 
territory which lies along the Red Sea in 
Eritrea. Each of the expeditions met 
with disaster and none of the European 
members ever lived to tell the tale. The 
fourth expedition “‘got through"’ as is 
reported in much detail in the present book 
by author Nesbitt. Accounts are given 
of the vicissitudes of the journey itself; 
word pictures of native faunas and floras, 
and notes on the mores and folkways of 
the native inhabitants. 

On the whole the book is interesting 
and it undoubtedly adds many data of 
general anthropological interest to our 
knowledge of Africa. Photographs scat- 
tered throughout the pages are appealing 
and increase the value of the work. The 
reviewer felt that the book was too long 
and set forth some events which could 
have been profitably condensed—an opin- 
ion which may not be shared by other 
readers. 


The Exploration 
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L’INpivipua.ité. 

Exposés by Maurice Caullery, C. Bouglé, 

Pierre Janet, J. Piaget, Lucien Febore. 

Félix Alcan, Paris. 15 francs. 8 x 6; 

iii + 157; 1933. 

e¢ Semaine Internationale de Synthise is 
an annual course of lectures and discussions 
in which some topic is treated from the 
viewpoint of various sciences. In the 
study of the origins of society which was 
treated in 1930 it became evident that this 
in turn involved the problem of the rela- 
tion between society and the individual. 
In order to be sufficiently grindlich, this 
treatment of individuality begins with a 
lecture on the principal aspects of indi- 
viduality in organisms, by Maurice Caul- 
lery. In biology, he points out, the word 
‘individuality’ is used in two senses: 
that of unity and that of uniqueness. The 
former consists in a concentration of ele- 
ments, a synthesis, the latter results from 
the diversity of the concentrated elements. 
Janet treats individuality in psychology; 
Bouglé, Piaget and Febvre individuality 
and history, while from a discussion on 
the individual and society the conclusion 
emerged that “‘individuality is that effort 
of synthesis by which the diverse becomes 
unifed and organized, by which being 
tends to the greatest possible existence, by 
which it strives to realize the maximum of 
being, to employ a favorite expression of 


Leibniz."’ 
Tue CripPLeD AND THE DisaBLep. Rehabil- 
itation of the Physically Handicapped in the 
United States. 
By Henry H. Kessler. Columbia University 
Press, New York. $4.00. 9 x 6; xiii + 
3373 193 5- 
his excellent survey of the needs of the 
disabled and the extent to which these 
needs are met by practice and intent is a 
useful handbook for social workers and 
legislators. As a group of vocationally 
maladjusted persons, the disabled are 
divided for convenience into the child 
cripple, the industrially disabled, the mili- 
tary disabled, the chronically disabled, the 
blind, deaf and dumb. Specific and gen- 
eral legislation in the different states is 
reviewed. For comparative purposes, 
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some foreign legislation is included. In 
chapter 23 the author summarizes his find- 
ings and gives his conclusions. He be- 
lieves ‘‘that potentially all the needs of 
the crippled and disabled can be met 
without resort to evolutionary changes in 
our social philosophy.’’ In a series of 
appendixes are given (a) Compensation 
provisions for second major injuries in 
those states not having second-injury 
funds, (b) Summary of vocational rehabili- 
tation legislation by states, and (c) legis- 
lation for the blind. The volume con- 
cludes with an extensive bibliography and 
a list of official and semi-official publica- 
tions and an index. 


® 


Roserty. Le Positivisme Russe et la Fon- 
dation de la Sociologie. 

By René Verrier. Félix Alcan, Paris. 

18 francs. 9 x 5}; 233 + 7 plates; 

1934 (paper). 
A short biography of Eugene de Roberty, 
which gives in chronological order the 
evolution of his ideas. This Russian 
sociologist belongs to that group of 
students of social phenomena who discuss 
ideas but seldom investigate facts. A 
disciple of Comte and Littré, his sociologi- 
cal writings reveal the common preoccu- 
pation of most of his contemporaries as to 
whether sociology is a ‘‘major’’ or 
‘“‘minor’’ science, the difference between 
unknown and unknowable, etc. The nu- 
cleus of Roberty’s ideas is that the bio- 
logical being is the result of a long process 
of adaptation to the environment. The 
conscience of this bio-individual is derived 
from a first psychophysical interaction and 
is the realization of sociality. The con- 
science of the collectivity arises from a 
superimposition of individual consciences, 
their similarities reinforced, their differ- 
ences eliminated. 

The author of this biography is very 
sympathetic to this philosophy and re- 
gards Roberty as one of the great founders 


of sociology. 


EpucaTION OF THE FouNDING FATHERS OF 
THE Repusuic. Scholasticism in the Colonial 
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Colleges. A Neglected Chapter in the History 
of American Education. 

By James J. Walsh. Fordham University 

Press, New York. $3.50. 9% x 6}; xii + 

3773 "i ; 
Doctor Walsh has shown definitely that 
Scholasticism continued to be the mode of 
teaching in certain of the American col- 
leges until the nineteenth century. He 
does this by following the broadsheets 
issued at commencement time showing the 
subject to be defended by the candidates 
for degrees. The subject matter and in 
some cases even the wording of these 
theses had a decided Scholastic flavor from 
the first commencement of Harvard 
through 1810. The first chapter gives an 
interesting general account of education 
in the early days of the American colleges. 
The next seven chapters discuss in more 
detail the situation of the first seven col- 
leges established, especially as regards the 
commencement theses. 

This is a very valuable book for people 
interested in the history of education and 
also for the student of the colonial period. 


Mepicat Tactics AND Losistics. 

By Gustavus M. Blech and Charles Lynch. 

Charles C. Thomas, S bring field, Ill. $4.00. 

9 x 6; xiv + 205 + 4 folding maps; 1934. 
Colonels Blech and Lynch are convinced 
that the next war in which this country 
engages will be a war of maneuver quite 
unlike the World War. Their book is 
mainly an exposition of the classical prin- 
ciples of war presented in simple language 
and elaborately illustrated by examples 
with the object of instructing medical 
men how to adapt their activities to the 
needs of rapidly moving bodies of troops. 
About a Sentend pages are devoted to 


detailed description and critical analysis of 

an imaginary campaign between two ar- 

mies gg NO near Gettysburg, Penn- 
e 


sylvania. Excellent topographical maps 
of the region are provided. If any of our 
readers are curious to know how hypo- 
thetical wounded men are treated in a 
sham battle this book will enlighten them. 
The organization of the medical service is 
summarized and the functions of various 
officers are defined. There is a glossary, 
bibliography, and an index. 
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Livinc with THE WEATHER. 
By Clarence A. Mills. Clarence A. Mills, 
University of Cincinnati. $1.50. 7% x 4}; 
viii + 206; 1934. 
Doctor Mills discusses the effects of 
weather and climate on man. He states 
that wide variations within an optimal 
range result in greater energy. He fol- 
lows Huntington, but goes much further 
in that he attributes business cycles and 
our crime wave to the extreme variability 
of the North American climate. This, 
he claims, is also responsible for the 
high tension of our life and therefore indi- 
rectly for our immoderate use of stimu- 
lants. He advocates greater use of air 
conditioning to offset the debilitating 
effect of the moist heat of the tropics. 
There are many interesting and valuable 
suggestions in this book, but it is our 
opinion that the author has permitted 
himself to be carried away by his enthu- 
siasm to a certain extent. 


B 


KRANKHEIT UND Top IM SCHICKSAL BEDEU- 
TENDER MENSCHEN. 

By Adolf Braun. Ferdinand Enke, Stutt- 

art. 3.60 marks (paper); 4.80 marks 

fcloth. 9 x 6; ili + 104; 1934. 
Introduced by a short section on the influ- 
ence of physical constitution on the choice 
of and capacity for work and outlook on 
life of various s of geniuses, this is a 
list, with aroha embod hical matter, of 
great men in various fields and the causes 
of their death. In some cases the causes, 
or at least epee factors, here given 
are not those popularly known. The 
causes in the order given in the book are: 
old age; apoplexy; violent deaths; cancer; 
tuberculosis; syphilis; mental diseases; 
drunkenness and criminality; chronic dis- 
eases; acute diseases. There is an index of 
names and diseases. 


B 


VOLLBLUTNEGER UND Hatszwerce. For- 
schungen unter Waldnegern und Halbpygmdaen 
am Ituri in Belgisch-Kongo. 
By Paul Schebesta. Anton Pustet, Salz- 
burg. 8.50 marks (paper); 9.80 marks 
(cloth). 9 x 6;271 + 48 plates; 1934. 
An interesting account of two years’ 


travel in those parts of equatorial Belgian 
Congo inhabited by the pygmies. The 
material in this book is confined, however, 
more to the Bantu tribes among whom 
the pygmies live in a more or less bio- 
cenotic relationship, the p ~_— having 
been treated more thorou by by the au- 
thor in another book, ti. ¢ phys- 
ical characteristics, customs, beliefs and 
history as far as it is known, of the 
various tribes are described separately and 
in detail. In only two cases here dis- 
cussed, namely the Batwa in Ruanda and 
the Bachwa, has intermarriage between 
the Bantus and the pygmies, presumably 
at some remote time in the past, given 
rise to races of half-dwarfs. ¢ book is 
abundantly illustrated with excellent pho- 
tographs and an index is provided. 


B 


Tue Soutn Arricans. New Edition, n- 
written and greatly enlarged. 
By Sarah G. Millin. Constable and Co., 
London. 7s.6d. net. 73 x 5; xX + 332; 


1934. 

This book first appeared in 1926 and was 
later reprinted several times. So rapidly, 
however, has South Africa changed politi- 
cally, economically and sotially within 
the last eight years that Mrs. Millin has 
entirely recast and enlarged her interesting 
volume. She deals with 


the racial position of English, Jews, and Asiatics in 
South Africa; with the Union's new Status Act and 
the struggle over its adherence to the British Empire; 
with the rise of the Dutch to power and their rela- 
tions with the British; with the effects of Nazi 
propaganda on various elements of the population; 
with the stran liminaries of the Smuts-Hertzog 
Coalition; with the abandonment by South Africa 
of the Gold Standard, with the results of enquiries 
in the Poor White and Native questions. 


The volume is well indexed. 


B 


Mexico En Cirras (Atlas Estadistico) 1934. 
Secretaria de la Economia National; Direc- 
cion General de Estadistica, Mexico, D. F. 
12} x 17}; 180; 1934. 

This statistical atlas of Mexico is ex- 

tremely well done in respect of both 

— and execution. e Director 
eneral of Statistics, Ramon Beteta, under 
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whose direction it was prepared, merits 
great praise for so fine an accomplishment. 
The work is divided into ten sections 
dealing successively with: Geophysics, 
population, education, agriculture, indus- 
tries, minimum wages, communication and 
transport, foreign commerce, money and 
banking, and public finance. Each right 
hand page is filled by a graph or map 
(or series of such) while A facing left- 
hand page carries the explanatory text. 
The graphs are executed with much artis- 
tic skill. Altogether this is an excellent 
reference source. 


Tue VicoMTe In THE Kircuenette. Being 
the Art of Cooking within restricted space, 
limited time and reduced income; with the 
manner how to make easy, dainty, and tasty 
Dishes; all kinds of inexpensive and rapidly 
made Novelties; together with a Glossary of 
Cooking Terms; with finally much advice to 
those about to set up small house. 

By Vicomte de Mauduit. Stanley Nott, 
London. 3s. 6d. 73 x 43; 146; 1934. 
The Vicomte writes smartly about cook- 
ing, this time in the limited environment 


of the ultra-modern apartment, where 
what does duty for kitchen is not big 
enough even to'feed a cat in and do any- 
thing else at the same time, let alone 


swing it. Mary Shepard's drawings that 
illustrate the book are even smarter than 
Mauduit’s writings. 

There are some good recipes in this little 
volume, along with a somewhat too heavy 
seasoning of trite banalities. We form 
the impression that, apart from the occa- 
sional novel and really seductive recipe, 
it will be found really useful only by the 
callowest newly-wed who does not know 
how successfully to boil a potato. 


R 


Ataska Natives. A Survey of Their Socio- 

logical and Educational Status. 
By H. Dewey Anderson and Walter C. Eels. 
Made under the Auspices of The School of 
Education of Stanford University at the 
Request of the United States Office of Educa- 
tion. Stanford University Press, Stanford 
University, Calif. $5.00. 10% x 8; xvi 
+ 472 + folding map; 1935. 
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This investigation, financed by a grant 
from the Carnegie Corporation, was made 
at the request of the United States Office 
of Education and was supervised by the 
School of Education of Stanford Univer- 
sity. It is divided into two parts. The 
first deals with the ethnology of the native 
Alaskans and their present social structure, 
the second with their education. The 
survey is by far the most comprehensive 
that has ever been made on these people 
and is an important book for all who are 
interested in them. The volume is exten- 
sively illustrated and documented, data 
are arranged in 177 tables and 100 figures, 
additional material is contained in a group 
of appendices and there is a detailed index. 


® 


Tae Carnese Mepicat Journat, Vol. 48, 
No. 12. Davidson Black Memorial Anatomy 
and Anthropology Number. 
Published by the Chinese Medical Associa- 
tion. Peiping Union Medical College, 
Peiping. Mex. $1.50, G $0.60, or 2s. 6d. 
10 X 7; 158; 1934 (paper). 
Three fossweods open this memorial in 
honor of a great anthropologist, whose 
early death was the greatest loss which 
that science has suffered in a generation. 
The first Foreword is a brief introductory 
statement by Dr. Fortuyn. Then follows 
a bibliography of Black's writings, in turn 
followed | by a reprint of the introductory 
paragraphs of Dr. Black's Croonian Lec- 
ture giving the history of the discovery 
of the Choukoutien site of Simanthropus 
pekinensis. The remainder of the num 
is devoted to eleven papers on anatomical 
and anthropological subjects contributed 
by old colleagues and students. The in- 
spiration of Black's leadership is evident 
in each one of them. 


% 


Mauan-jo-Daro. One of the Most Ancient 
Sites of the East which has Aroused World- 
Wide Interest. 
By Bherumal Mabirchand. Bherumal Ma- 
hirchand, D. J. Sind College, Karachi, 
Bombay, India. Rs. 1.4. me 43; iv + 
93; 193 


Until a iow years ago little was known 
of the pre-Aryan culture of India. How- 
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ever, the excavations at Mahan-jo-Daro 
and Harappa have shown that, in the 
words of Sir John Marshall, *‘five thousand 
years ago, before ever the Aryans were 
heard of, the Panjab and Sind, if no other 
parts of India as well, were enjoying an 
advanced and singularly uniform civiliza- 
tion of their own, closely akin but in some 
respects even superior to that of con- 
temporary Mesopotamia and Egypt.” 
Mr. Mahirchand bases his book not only 
on Marshall's authoritative account of his 
excavations, Mohenjo-daro and the Indus 
Civilization, but on articles of varying 
reliability published in newspapers an 


magazines. 


Guipinc Your CaILD THROUGH THE For- 
MATIVE Years. From Birth to the Age of 
Five. 

By Winifred de Kok. Emerson Books, 

New York. $2.00. 7} x 4}; 191; 1935. 
A practical handbook for mothers and 
fathers on the psychology of the young 
child. Information is simply given about 


such matters as play, tantrums, fears and 


fancies, sex education, etc. The point of 
view of the child is admirably stressed in 
discussing his problems. A useful book 


for young parents. 


Brotocicat Poxitics. An Aid to Clear 
Thinking. 
By F. William Inman. William Wood 
and Co., Baltimore; John Wright and Sons, 
Bristol. $3.00 (U. S. A.); 7s. 6d. net 
(Great Britain). 7} x 43; xi + 258; 
1935. 
The aathor, a eugenist of the more radical 
type and an outspoken believer in Nordic 
superiority, gives his opinions on various 
and sundry — of heredity and its rela- 
tion to social evolution. There is very 
little originality but the book makes 


amusing reading. 


IpEALE KORPERFORM UND ERNAHRUNG. 
Zugleich eine Anleitung zu xweckmassiger 


Ernaébrung. 
By Carl E. Hartmann. Otto Gmelin, 
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Munich. 2.70 marks (paper); 3.75 marks 

(cloth). x 63; 111; 1934. 
After a brief introduction on human con- 
stitutional types, the author discusses the 
influence of exercise and various foods in 
the attainment of an ideal figure. A table 
of the calory values of foods and drinks, 
and an index are included. The book 
belongs to the Arzt als Erzieher series. 


) 


How Sars 1s Home? 
By Howard W. Green. Cleveland Health 
Council, Cleveland, O. 50 cents. 10} x 
83; iii + 48; 1934 (paper). 
This is a statistical study of accidents in 
Cleveland homes from January 1929 to 
July 1934. All types of accidents are 
classified according to age, sex, economic 
status, and geographic distribution in the 
city. Falls and burns were the two most 
frequent. There are numerous maps, 
gtaphs, and tables. 


B 


BULLETIN DER SCHWEIZERISCHEN GESELL- 
SCHAFT FUR ANTHROPOLOGIE UND ETHNOL- 
OGIE 1934-35. 11. Jahbrgang. 
Société Suisse d’ Anthropologie et d’ Ethnol- 
ogie, Institut Anthropologique de I’ Uni- 
versité, Zurich. 2 francs. 9 x 6}; 35; 
1934-35 (paper). 
Juventte-Court Statistics AND FEDERAL 
JUVENILE OrreNDERS, 1932. Based on In- 
formation Supplied by 267 Juvenile Courts and 
by the United States Department of Justice. 
Sixth Annual Report. Bureau Publication 
No. 226. 
By U. S. Department of Labor, Children's 
Bureau. U.S. Government Printing Office, 
Washington. 10 cents. 9} x §%; iil + 
129; 1935 (paper). 
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A Srupy or THe Lire History anp Foop 
Hasits of Mute Deer in CALirorNiaA. A 
Contribution from the Wildlife Division, 
United States National Park Service. 
By Joseph S. Dixon. Wéildlife Division, 
United States National Park Service, 328 
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Hilgard Hall, Berkeley, Calif. 

9 x 6; 146; 1934 (paper). 
This is an important, complete, and inter- 
esting compilation of field observations on 
the life history and feeding habits of 
Cervus hemionus (= C. macrotis) which is 
found in northeastern California. In sum- 
marizing the breeding habits Dixon says: 


25 cents. 


From “‘sign’’ and tracks left in the snow, it is 
evident that most of the mating takes place at night. 

During the rutting season I have followed mule 
deer about for days at a time in freshly-fallen snow, 
and have found that the normal mating practice is as 
follows: The most virile bucks are those that are just 
reaching maturity. Such bucks may, in some cases, 
be three-pointers, although the majority have ac- 
quired the fourth tine or point to each antler. My 
field studies of deer in Yosemite and in the Sequoia 
region, which have extended over a number of breed- 
ing seasons, have shown that in each season 
per cent of the effective mating was accomplished by 
such dominant bucks. The usual procedure is as 
follows: As soon as their antlers become hardened 
and are freed of velvet, the bucks stage a series of 
combats which demonstrate which bucks are dom- 
inant and which are the weaker individuals. Through 
such elimination contests, a practical understanding 
is reached among all the bucks as to which is superior, 
and each buck learns his proper place. In most 
instances, the weaker bucks give way to their superi- 
ors whenever they appear on the scene. 

The oestrum period in female deer varies, so that 
all the does are not ready to mate at the same time. 
When the pre-oestrum period is reached by a doe, she 
is singled out and closely followed by one of the 
dominant bucks until she is ready to mate. This 
“running’’ of does by bucks may extend from two to 
five days and is often confused with actual mating, 
which takes place subsequently as the final chapter in 
the mating episode. Mating having been accom- 
plished, the ‘*herd’’ buck hunts up a new doe and runs 
at her side until she is ready to mate. 


There are about eighty 
most of them very good, an 
aptly chosen, an 


ove hs, 
all of them 
there are three tables 
showing the trees, shrubs, and herbs 
known to be used for food by this species. 


There is an index. 


B 


Tue AMERICAN EaG.e. 
and Civil History. 
By Francis H. Herrick. D. Appleton- 
Century Co., New York. $3.50. 8% x 53; 
xx + 267 + 31 plates; 1934. 
Professor Herrick was a pioneer in the 
ween and detailed scientific study of bird 
havior. The present volume is a wor- 
thy capstone to his former achievements 
in this direction. The American bald 


A Study in Natural 


355 


eagle (Haliaetus meager nk is obviously 
not an easy subject for intimate study, 
but in 1926 Professor Herrick built a go- 
foot steel tower 38 feet away from and 
overlooking an eagle’s nest at Vermilion, 
Ohio. From the pent-house on the top of 
this observation tower were made the 
records and photographs that form the 
substance of this book. It is a fascinat- 
ingly interesting and valuable contribution 
to zodlogy and comparative psycholo 
that must form a part of every well- 
rounded biological library. 

After the completion of the zoological 
discussion the last five chapters are de- 
voted to the historical and political mat- 
ters with reference to which the eagle has 
served as an emblem. While these chap- 
ters are interesting and scholarly, we 
cannot escape the feeling that it would 
have been better strategy to have published 
them as a separate book rather than as a 
somewhat unrelated appendage to a sound 
and fine contribution to zodlogy. 

The photographic illustrations merit 
especial commendation, as does also the 
detailed and expertly constructed index. 


PB 


Western Duck Sickness: A Form of Botul- 
ism. U. S. Department of Agriculture 
Technical Bulletin No. 412. 
By E. R. Kalmbach, with Bacteriological 
Contributions by Millard F. Gunderson. 
U. S. Government Printing Office, W asbing- 
ton. 1ocents. 9% x 52; 82; 1934 Cougar. 
Clostridium botulinum, type C, was shown 
to be the cause of an extremely destractive 
disease affecting migratory water fowl] in 
the Western States. The lines of evidence 
were: 


(2) the similarity of the clinical picture of the 
disease in the field with that produced experimentally 
by the administration of the toxin of pure cultures of 
type C botulinum; (2) the frequent recovery of the 
causative organism from the tissues of affected birds 
in distinction from its absence from the tissues of 
healthy birds; (3) the demonstration in the field of 
the toxin of type C botulinum in foods and water com- 
monly ingested by birds; and (4) the fact that the 
incidence, course, and disappearance of duck sickness 
in the field conforms to the influence of environmental 
factors in a manner highly suggestive of botulism. 

An estimated loss of a quarter of a million birds 
at the north end of Great Salt Lake in the summer 
and fall of 1932 points to the current importance of 
the malady as a destroyer of wild life. Not only 
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ducks but a multitude of other birds succumb: at 
sent the list of known victims comprises 69 species, 
in 21 families of wild birds. 


Apparently, man is immune to the dis- 
ease. There is an annotated list of the 
69 species of birds affected and a bibli- 


ography. 
Ry 


Les Poissons Et LE Monpe VIVANT DES 
Eaux. Etudes Ichthyologiques et Philos- 
ophiques. Tome Septitme. L’Abime des 
Grands Fonds Marins. 

By Louis Roule. Librairie Delagrave, 

Paris. 42 francs (paper); 70 Aan 

(leather). 10 x 6}; 326 + 16 plates; 

1934. 

La Vis pes Reprites DE LA France CEn- 
TRALE. Cinquante Annies d'Observations 
Biologiques. 

By Raymond Rollinat. Delagrave, Paris. 

75 francs (paper); 110 francs (cloth). 

10 x 6}; 342 + 35 plates; 1934. 

The first af these two books is the seventh 
volume of a work on fishes and other water 
animals which will eventually comprise 
nine volumes. This present one is devoted 
to deep sea fish. 

The second book here noted gives a 
résumé of the author's observations, cover- 
ing a period of fifty years, on reptiles 
indigenous to Central France. The ob- 
servations were made on specimens housed 
in his own garden. They include one 
species of turtle, five of lizards and seven 
of snakes. 

Both books are written in an interesting 
manner, and are illustrated profusely with 
text figures, photographs and colored 
plates. Neither volume is provided with 
an index, but this lack is partly met by 
detailed tables of contents. They belong 
to a commendable series of natural history 
books put out by the publishers. 


B 


HvatrApets Sxrirrer. Scientific Results 
of Marine Biological Research. Nr. 9. 
Pelagic Whaling in the Antarctic. IV. The 
Season 1933-34. 
By Johan Hjort, ]. Lie and Johan T. Ruud. 
With a note on: Limits of the Pack-Ice in 
the Antarctic in the Area Between 40° W and 
110° E, by H. E. Hansen. Edited by Uni- 
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versitetets Biologiske Laboratorium. Jacob 
Dybwad, Oslo. 10} x 7; 59 + 7 plates; 
1934 (paper). ; 
Another number in this fine series dealing 
with the whaling industry. The present 
volume analyzes the catch and yield of 
whale oil for the 1933-34 season in Ant- 
arctic waters. The study is concerned 
with estimating whether the current prac- 
tices in the whaling industry are adequate 
to secure the greatest economic return 
without depleting the whale population. 
The authors feel that this is being accom- 
plished. The yield from fin whales and 
sulfur whales is converted into propor- 
tions of blue whales and the determination 
of these fractions must be an important 
step in the work. The data and calcula- 
tions upon which the present converting 
factors are based are given in an earlier 
paper of the series. 
¢ second paper in this volume shows 
the limits of the Antarctic ice pack for 
each year from 1929 to 1934 with the ex- 
ception of 1931 when there were no Nor- 
wegian expeditions to the Antarctic ice. 


® 


Tue Nature or a Birp’s Wortp. 

By Eliot Howard. University Press, Cam- 

bridge; Macmillan Co., New York. $2.50. 

84 x 6; vii + 102; 1935. 
This is a provocative essay on the extent 
to which field observations can be used 
as evidence in the analysis of the yoo 
logical processes of that class of verte- 
brates which ‘‘seems to mingle the 
blindness of an insect with the intelligence 
of an ape.’’ The author is a well-known 
ornithologist who is at the same time a 
philosopher. His main concern here is 
endeavoring to account for the continuity 
that runs through the various actions of 
birds. It must not be difficult to explain 
specific types of behavior as due to instincts 
or hormones, at any rate many people 
seem to find it easy, but Howard has taken 
a bolder course and has outlined a larger 
problem. What sort of unitary principle 
connects the discrete activities of choosing 
and defending a territory, breeding, nest- 
making, nad bovodlag? Obviously, there 
must be some link, since the same indi- 
vidual passes through these engrossing 
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activities, and Howard has a partial 
answer. 
ANGLING Ways. 

By E. Marshall-Hardy. Herbert Jenkins, 

London. 7s. 6d.net. 7} x 42; 305; 1934. 
English Isaak Waltonians will undoubt- 
edly cheer this book for it gives much 
valuable and entertaining information on 
the technique of British Isles fishing. The 
material covered runs from straight ichthy- 
ology to ply (which is not all 
fishy) with particular emphasis attached 
to the ‘‘how"’ of angling. The author 
originally published the material as arti- 
cles in the London ee News. 

American anglers, while not.clicking to 
such names as ‘‘roach,"’ “‘bream,"’ “‘gray- 
ling,’’ and ‘‘barbel,"” will nevertheless find 
the book well worth reading—and it may 
help them catch more “‘bass,”’ “‘pike,”’ 
““trout’’ and “‘musky.”’ - 


® 


Tue HuNGARIAN PARTRIDGE IN THE GREAT 
Laxes Recton. Bulletin No. 5. 
By Ralph E. Yeatter. School of Forestry 
and Conservation, University of Michigan, 
Ann Arbor. 35 cents. 9 x 6; 92; 1934 


(paper). 
a ne of the European partridge 
into this country for game purposes have 
in part proved successful, but in numerous 
cases have been complete failures. The 
life habits, food and feeding habits from 
field observations and stomach analyses, 


mortality factors, and population fluctua- 
tions were all carefully studied by the 
author in the hope of solving this mystery. 
He concludes that the species is better 
adapted to agricultural conditions than 
our native game kinds, but it would in- 
crease more rapidly if safer nesting = 
were peers ti since the greatest losses 
occur as a result of mowing and other 
agricultural activities during the nesting 


period. 
B 


Witp Anima Man. Being the Story of the 
Life of Reuben Castang. 
By R. W. Thompson. William Morrow 


and Co., New York. $3.00. 84 x 5; 

296 + 10 plates; 1934. 
A story of the life of one of the great 
animal trainers of our times. An English- 
man, with animal training a family tradi- 
tion, Reuben went at the age of 13 to 
Hamburg where he was a Soenticn’ to 
the Hagenbeck Company and worked with 
animals straight from the jungle. In 1900 
he brought Hagenbeck’s circus to America. 
Chimpanzees ultimately became his favor- 
ite animals and he has appeared before 
many people and in the films with some 
of the twenty-nine chimpanzees which he 
himself has captured alive in the jungle 
and trained. Mr. Thompson has produced 
a highly entertaining book. It has a few 
illustrations but is not indexed. 


R 


Naturat History or Vertesrates (Except 
Birds). A Laboratory and Field Guide. 
Revised. 

By Frank N. Blanchard. Edwards Bros., 

Ann Arbor, Mich. $3.00. 11 x 84; ii + 

82 + extra copies of forms; 1935. 
The biologist who is interested in really 
scientific natural history has now a fine 
manual to guide his studies. This volume 
contains keys for classifying the verte- 
brates, notes on habitat and environmental 
conditions and excellent bibliographies. 
In addition to the strictly field studies 
there are very good directions for the 
laboratory study of material collected. 
This is a fine piece of work from all points 


of view. 
i 


La Cuasse pes ANIMAUX A FourRRURE AU 
CaNaDA. 

By Benoit Brouillette. Gallimard, Paris. 

30 francs. 9 x 53; xvi + 202 + 24 

plates; 1934 (paper). 
Hunting and trapping of fur-bearing ani- 
mals is still an important Canadian indus- 
try. The author reviews its historical 
origin and describes the physical and 
climatological aspects of the country in 
relation to the animals, the routes of the 
professional hunters and trappers, their 
mode of life and the economic value of 
their products. The author's vivid style 
adds much to the feeling of adventure that 
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this subject inevitably arouses in the 
reader. There is a lengthy bibliography. 


B 


New ZgEALAND Beeties AND Tuer Lar- 
vaE. An Elementary Introduction to the 
Study of Our Native Coleoptera. 
By G. V. Hudson. G. V. Hudson, Hill- 
view, Karori W. 3, Wellington, New 
Zealand. 25 shillings. 84 x 5}; 236 + 
17 plates; 1934. 
As implied by the title this volume is 
sensu stricto an annotated, taxonomic list 
of the Coleoptera of New Zealand. The 
material is organized by families with all 
genera and species completely indexed at 
the end of the book. While not of great 
interest to the American specialist the 
volume will undoubtedly reach the hand- 
book stage tor New Zealand entomologists. 


B 


INFANTS OF THE ZOO. 

By E. G. Boulenger. E. P. Dutton and 

Co., New York. $2.50. 8} x 64; xiv + 

145; 1934- 
This is an excellent volume for school 
libraries. The author writes interestingly 
on many things pertaining to the difh- 
culties of rearing young animals. His 
subjects are mammals, birds, reptiles, 
amphibians and fishes, chiefly those that 
were born in two English zoological 
gardens. A valuable addition to the 
volume are the fifty photographs showing 
the babyhood of many of these animals. 


® 


TeRMITEs AND TERMITE CONTROL. 
Edition, Revised. 
By Charles A. Kofoid, Editor-in-Chief; 
S. F. Light, A. C. Horner, Merle Randall, 
W. B. Herms, Earl E. Bowe, Termite 
Investigations Committee Editorial Board. 
University of California Press, Berkeley. 
$5.00. 9} x 64; xxvii + 795; 1934. 
A review of the first edition of this report 
has already appeared in this Review. 
The present edition has been thoroughly 
revised and additional material added, also 
an index (which was omitted in the first 
edition). The book is intended primarily 
for biologists, architects, engineers, con- 


Second 
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tractors, building inspectors, and users of 
wood, but the householder will also find it 
highly useful in helping him to decide 
whether he is being imposed upon by the 
too energetic salesman of insecticides. 


B 


Tue Spiny Docrisn. A Laboratory Guide. 
By Alvin R. Cahn. The Macmillan Co., 
New York. $1.10. 73% x 5; xii + 94; 
1934. xs 

This seems to be not a new edition but a 

reprinting of the 1926 edition which was 

reviewed in these columns, Volume 2, 

page 572. Since no change can be discov- 

ered between the two volumes there seems 
to be nothing to add to the earlier review. 


R 


Tue Externat ANATOMY OF THE Par- 
caTorIA Date  ScAtz, PARLATORIA 
BLANCHARDI TARGIONI TOZZETTI, WITH 
Strupies oF THE Heap SKELETON AND 
Associatep Parts. U. S. Department of 
Agriculture Technical Bulletin No. 421. 
By F. S. Stickney. U. S. Government 
Printing Office, Washington. 10 cents. 
9k x 5%; 67 + 1 plate; 1934 (paper). 
A thorough study of the external anatomy 
and endoskeleton of the head and asso- 
ciated parts for all instars of both sexes 
of the Parlatoria date scale. This is the 


most dangerous insect attacking palms in 
the date growing region of the United 


States. 


® 


Tiere wie sie wirklich sind. Ein Bilder- 
und Lesebuch fiir Jedermann. 
By L. Heck. Paul Parey, Berlin. 
marks. 9} x 6}; 120; 1934. 
The main attraction of this book is a 
series of excellent photographs of mam- 
mals and birds taken in the Berlin Zoo. 
It is interspersed with short, descriptive 
texts about the animals —- stressing 
the unique features of each. The author 
was for many years director of the Zoo. 


R 


Frecp Boox or Insects of the United States 
and Canada, Aiming to Answer Common 


4.80 
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Questions. Third Edition, Rewritten to In- 
clude Much Additional Material. 
By Frank E. Lutz. G. P. Putnam's Sons, 
New York. $3.50. 63 x 4; vi + 510; 


I ° 
An 7394, esteemed friend brought up to 
date. This is a book to be included, 
along with Gray's Botany, in the equip- 
ment of the natural history student. 


® 
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Tue SrrucrurE AND REPRODUCTION OF 
THE AtGAE. Volume I. Introduction, Chlor- 
ophyceae, Xanthophyceae, Chrysophyceae, Bacil- 
lariophyceae, Cryptophyceae, Dinophyceae, 
Chloromonadineae, uglenineae, Colourless 
Flagellata. 

By F. E. Fritsch. University Press, Cam- 

bridge; Macmillan Co., New York. $8.00. 

83 x §$; xvii + 791; 1935. 
Until now there has een no adequate 
account of the morphology of the algae 
published in English, and Professor 
Fritsch’s scholarly monograph will be 
welcomed by everyone working on the 
Protista. 


The two volumes in which I propose to accomplish 
this task are planned to deal essentially with mor- 
phological features, and points relating to the 
physiology and ecology of the Algae have been in- 
cluded only where their consideration appeared rele- 
vant to an understanding of the main subject-matter. 
Nor is this in any sense a taxonomic work. The 
outlines of classification given under the individual 
groups are intended merely to afford a synopsis for the 
reader, and taxonomic lems have only —_ dis- 
cussed where they are of general morphological inter- 
est. Some attempt has been suode, wichoet enterin 
into detail, to deal with the numerous cytologica 
papers that have been published during the present 
century, but this has certainly been the hardest part 
of my task. 


This volume treats eight of the eleven 
classes of algae Fritsch recognizes, namely 
the Chlorophyceae (Isokontae), Xantho- 
tom (Heterokontae), Chrysophyceae, 


acillariophyceae, Cryptophyceae, Dino- 
phyceae, Chloromonadineae, and the Eu- 
glenineae. ‘‘Unless purely artificial limits 
are drawn, the designation alga must 
include all holophytic organisms (as well 
as their numerous colourless derivatives) 
that fail to reach the higher level of 
differentiation characteristic of the arch- 
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se plants."’ Accordingly, the Flag- 
ellata are treated in this volume, also. 
Many things have been done to make 
this a reference book of uncommon use- 
fulness to students of the Protista. There 
are nearly 250 illustraticns, most of them 
occupying a full page, taken from the 
literature. Extensive bibliographies cov- 
ering the period 1890 to 1933 appear at the 
end of the discussion of each taxonomic 
group and each citation is indexed in the 
author index. There is an excellent sub- 


ject index. 


Tue Frora or THe NiaGara FRONTIER 
Recion. Ferns and Flowering Plants of 
Buffalo, N. Y., and Vicinity. 

By Charles A. Zenkert. Buffalo Society of 

Natural Sciences, Buffalo. $2.00. 9} x 

83; x + 328 + folding map; 1934. 

The area included in this floristic and 
ecological survey lies within a radius of 
about 50 miles of Buffalo, New York, ina 
very imterestin hysiographic region 
which is well Gestribed.” To the mh 
and to the west are Lakes Ontario and Erie 
and these so ameliorate the climate that 
the Austral, or temperate zone, flora lies 
on the north and the Boreal, or sub-arctic, 
flora lies on the margin of the Allegheny 
Plateau to the south. Most of the region 
was glaciated and special attention is 
given to the flora of a district which was 
not glaciated. 

Besides a description of the geological 
and meteorological features of the region 
the introductory section of 67 pages gives 
a brief account of the botanical reports of 
early explorers and of the economic history 
of the region insofar as it bears upon 
deforestation and the use of the land for 
agriculture. The greater part of the book, 
about 200 pages in length, is given over 
to a listing by families of the 563 genera 
and the 1,702 species of vascular plants 
found in this region. For each species 
there is brief. mention of its frequency of 
occurrence throughout the region and of its 
relative abundance in the places where it 
does grow. The type of soil on which it 
is found is also noted and there is a short 
list of local stations for each species. 
The ecology of the region is discussed in 
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detail in the last section of the book and 
plant lists and general descriptions are 
given for each of the major plant com- 
munities. 

Not counting the scattered explorations 
of early taxonomists beginning with Peter 
Kalm in 1750, serious Sessaiaal work on 
the flora of this region has been in progress 
since 1862 and the publication of this book 
is an achievement for which the Buffalo 
Society of Natural Sciences and the author 
deserve to be congratulated. Everything 
possible has been done to make this a 
useful reference book; there are numerous 
excellent maps showing both geology and 
topography, the photographs of flowering 
plants and of ecological communities are 
numerous and are unusually good, the 
bibliographic references to other floras and 
to other sources are adequate, and there 
is an index to genera, families, and com- 


mon names. 


Por Cutture Tests or Forest Som Frr- 
Titity. With Observations on the Effect of 
Varied Solar Radiation and Nutrient Supply 
on the Growth and Nitrogen Content of Scots 
and White Pine Seedlings. The Black Rock 
Forest Bulletin No. 5. 
By Harold L. Mitchell. The Black Rock 
Forest, Cornwall-on-Hudson, N.Y. $2.00. 
9 x 6; xi + 138 + 2 folding charts; 
1934 (paper). : 
The primary object of this experiment was 
to make a biological test of the various 
soils found within a forest in the Hudson 
Highlands of New York State. The first 
step was to calibrate, as it were, tree 
seedlings so that from their response to a 
soil sample the availability of the several 
mineral nutrients could be deduced. 
This prompted a very careful physiological 
experiment on the growth of Scots pine 
and white pine seedlings under different 
intensities of light and with different 
supplies of mineral salts. The quantita- 
tive data thus obtained were capably 
analyzed. Among other things, it was 
found that the density of the blue-green 
color of white pine seedlings was directly 
proportional to the amount of nitrogen 
supplied, and that a deficiency of phos- 
phorus caused a purple needle color. The 
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second step was to ~~ seedlings in sam- 
ples of the soil to be tested, and to test 
the soil for mineral deficiency in two ways. 
If, for example, a possible deficiency of 
nitrogen were suspected, salts containing 
the elements P, K, Ca, Fe, Mg, and S were 
added to the soil sample and growth was 
compared with growth in a control soil 
sample which received all these elements 
and nitrogen in addition. Seedling color 
provided an additional test. In samples 
of soil from the four major soil types of the 
forest Ca and K were abundant, and only 
an exposed ridge soil lacked N. All soils 
were deficient in P. This publication 
deserves the attention of everyone inter- 
ested in the mineral nutrition of plants. 
The experimentation was admirably exe- 
cuted and the results are well presented in 
full detail. There is a bibliography cov- 


ering six pages. 


Diz StorrausscHEIDUNG DER HOHEREN 
PrLaNzeN. Monographen aus dem Gesamtge- 
biet der Physiologie der Pflanzen und der 
Tiere. Band 32. 

By A. Frey-Wyssling. Julius Springer, 

Berlin. 28 marks (paper); 29.40 marks 

(cloth). 8} x 53; xii + 378; 1935. 
Frey-Wyssling’s initial Seimition indi- 
cates the scope of his monograph: 


Ausscheidungsstoffe can be defined as materials which 
are secreted by the living protoplasm and which are 
not used again in metabolism. In contrast to these 
are reserve substances which are also lifeless deposits 
but only temporarily eliminated from metabolism. 
According to this concept structural substances such 
as mineral deposits and organic inclusions like resin 
and rubber which finally are eliminated from metab- 
olism belong to the Ausscheidungsstoffe while the 
reserve substances like starch, aleuron, fat, and certain 
hemicelluloses can be remobilized. 


The first hundred pages deal with the 
submicroscopical structure of the cell wall, 
and the discussion of the data obtained 


by the use of X-rays, polarized light, and 
other optical methods is enough to make 
this a valuable book. The physiological 
aspects of the tormation of cell walls are 
discussed in the next fifty pases. The 


next 120 pages deal with the physical 
chemistry, physiology, and cytology of 
the deposition of minerals in plants. The 
last hundred pages concern excretion and 
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secretion. It makes a valuable reference 
book for plant physiologists and its use- 
fulness is increased by an _ extensive 
bibliography and a good index. 


B 


Key To THE Rusts or THe Paciric Norta- 
west. University of Washington Publica- 
tions in Biology, Volume 3. 
By J. W. Hotson. University of Wash- 
ington Press, Seattle. $1.50. 10 xX 7; 


193; 1934 (paper). 
Hotson has done a very useful piece of 
work in a creditable manner. 


Many rusts are so highly specialized that they 
confine their activities to relatively few species of 
the host, some to a single species, others to different 
species in the same genus; rarely do they produce the 
same spore-forms on more than one host family. 
Utilizing this characteristic of rusts an attempt has 
been made to identify them by means of the host. 
The general plan of the paper has been to list all the 
rusts reported for the four states, Washington, Ore- 
gon, Idaho, and Montana under the —— | and genus 
on which they occur. These families and the genera 
within the families are arranged alphabetically. 
Under each host-genus an attempt has been made to 
separate the various rusts by means of a Key. 


There ought to be similar surveys for 


all sections of the country but in their 
absence this book will probably prove to 
be a valuable aid to mycologists interested 
in the Uredinales found in the northern 
half of the United States. There are two 
indexes, one for host names and one for 


rust names. 


Der Aspau. Eine entwicklungsgeschichtliche 
Studie zum Senilitats- und Fortpflanzungs- 
problem. 

By Franz Ragaller. Gustav Fischer, Jena. 

5-60 marks. 9% x 63; 85; 1934 (paper). 
This is a general and theoretical discussion 
of the results of a ten-year investigation 
of the problem of degeneration in a 
particular variety of potatoes—a problem 
that horticulturists, plant breeders, and 
botanists generally have struggled with 
for years. Potato varieties “run out,” 
as the common phrase goes. But why 
they degenerate has never been clearly 
cxplaiand. Other vegetatively propa- 
gated forms do not, as witness, for exam- 
ple, the Baldwin apple. 
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Dr. Ragaller has not finally solved the 
problem. But he has put it in better 
order and more sharply analyzed the 
Fragestellung than anyone before him. 
His discussion is of great interest and im- 
portance to the general biologist. He 
argues with cogency and force, and in 
fact seems to us to prove, that the problem 
of degeneration is one that never will be 
solved by the “‘crucial experiment’’ type 
of research, however carefully and in- 
geniously planned and executed. The 
reason is that degeneration is a combined 
ecological, senility, and disease problem 
all in one, the several aspects being indis- 
solubly united in space, time and essence. 


R 


Practica, Prant ANATomy. 
tary Course for Students. 
By Comyns J. A. Berkeley. University of 
London Press, London. 3 shillings. 7}x 
42; 112; 1934. 
There is no better book than this for peo- 
ple taking up microscopy as a hobby or for 
teachers of general botany or plant his- 
tology who need a little guidance in plan- 
ning their laboratory work. The use of 
the microscope and the various operations 
involved in cutting, staining, studying, 
and preserving free-hand sections of plant 
tissues are explained in minute detail, and 
this manual can be recommended as a 
trustworthy guide in these matters. 
There are about a hundred laboratory exer- 
cises arranged in order of difficulty and 
these include most of the kinds of material 
usually assigned to students in courses of 
this kind. These laboratory instructions 
are quite complete. There is a table of 
the simple microchemical tests and direc- 
tions for preparing the reagents are given. 
Teachers should find the check list of 
plant materials, their sources and manner 
of preservation, particularly useful. The 
use of the microtome is not discussed. 
There is an index. 


Tue Mystic MaNDRAKE. 
By C. J. S. Thompson. 
London. 15 shillings 
253 + 8 mg 1934. 

No plant has been the 


An Elemen- 


Rider and Co., 
net. 8} x 5%; 


subject of such 





362 


curious lore or has been so extensively 
used in mystic rites as has the mandrake. 
Because of the resemblance of the root 
to the human form it was believed to 
possess occult properties which could 
cause it to become animated. Many 
treatises have been written on its virtues 
as an anaesthetic, as a love charm, as a 
cure for sterility, its power to invigorate 
the aged as well as its demoniacal and evil 
powers. The author, honorary curator of 
the historical collection of the Museum 
of the Royal College of Surgeons of Eng- 
land, has given an interesting and authen- 
tic history of this plant. The volume is 
illustrated and indexed. 


i) 


Dictionary of Terms aes Agriculture, 
Horticulture, Forestry, Cattle Breeding, Dairy 
In English, French, 


Industry and Apiculture. 

German and Dutch. 
Compiled by T. J. Bezemer. 
and Wilkins Co., Baltimore. 
§2; Vil + 1061; 1934. 

This polylingual dictionary of words and 


The Williams 
$8.00. 8x 


phrases used in the literature of agricul- 
ture, horticulture, forestry, and animal 
husbandry, has a great deal of usefulness 
in supplementing the standard diction- 
aries hitherto available. For each one of 
the four languages, English, German, 
Dutch and French, there is a separate dic- 
tionary giving the equivalents of technical 
terms in the three other languages without 
further definition. The names of plants 
and animals are also rendered by their 
Latin equivalents. It is a very satisfactory 

iece of work, on the whole. It overlaps 
ent dictionaries very little, gives 
satisfactory idiomatic equivalents in most 
cases, and is reasonably complete. 
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ELeMeNntary Human ANaTomMyY. 
Laboratory Studies. 
By Katharine Sibley. A. S. Barnes and 
Co., New York. $4.50. 9} x 6§; xx + 
360; 1935. 
This undergraduate textbook of human 
anatomy 


Based on 
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is written as a foundation course for the study of 
kinesiology and physio and for the students and 
teachers of physical education. The writer has 
placed special emphasis on osteology, syndesmology, 
myology and the nervous system to aid the teacher of 
corrective gymnastics and the physiotherapist in 
muscle examination and muscle reéducation. 


The plates, many of them colored, have 
been taken from the standard atlases of 
human anatomy and appear to have been 
judiciously selected. ¢ text explains 
the methods of demonstrating on living 
subjects the various structures of the 
human body and their mode of action. 
Detailed, technical, anatomical descrip- 
tions are not given. There are more than 
200 plates, excellently reproduced, and 
there is an excellent index. 


® 


Arps To Emsryro.ocy. 
By Richard H. Hunter. William Wood 
and Co., Baltimore. $1.25. 6% x 4; 
viii + 172; 1934. 

The purpose of this small book, according 

to its author, is to give the medical student 

enough of a survey of human development 
so that he will be able to interpret com- 
mon abnormalities experienced in the dis- 
secting-room and obstetrical wards. The 
book is divided into twelve short chapters 
dealing with the development of specific 
organs and systems. e work will 
probably be useful to students and physi- 
cians who wish to review some of the 
essentials of mammalian embryology with 

a minimum expense of time. It is clearly 

written in summary style. 


® 


Our Vanisninc Hair. A Dissertation on 
Human Hair Production with Special Ref- 
erence to Premature Baldness. 

By Charles Nessler. Alwyn-Schmidt Pub- 

lishing Co., New York. $2.00. 8 x 53; 

140 + 8 plates; 1934. 
The author again expounds some quaint 
theories about hair. Premature baldness 
is said to result solely from the custom of 
periodic hair trimming. Since cutting 
the hair removes its weight, the hair 
follicle becomes weak and gradually loses 
its gripping power until in adulthood it 
can no longer hold on to even the finest 
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and lightest hairs. Another new and 
somewhat startling idea is that hair mi- 
grates. Since the hair urge is denied by 
repeated trimmings a full expression on 
the head it migrates in man to the chest 
and limbs. The author limits the hairy 
regions arising as secondary sexual char- 
acteristics to armpits, pubic region and 
lower face. Growth of hair on chest and 
limbs is correlated in his belief with loss 
of hair on the head. He has nothing to 
say about inheritance of baldness. 


® 


GRUNDRIss DER CYTOLOGIE. 

By Lothar Geitler. Gebrider Borntraeger, 

Berlin. 19.20 marks (paper); 21 marks 

(bound). 10 x 6$; viil + 296; 1934. 
The examples of cytological phenomena 
illustrated and discussed in Geitler’s 
introductory textbook of cytology are 
drawn from all parts of the plant and ani- 
mal kingdoms and Geitler’s own field, the 
Protista, is also well represented. Fit- 
tingly enough, the book is dedicated to 
Karl Belar, for Geitler has been very much 
influenced by his former associate and has 
used many of his illustrations. The illus- 
trations, more than 200 in all, have been 
taken from the literature and from unpub- 
lished work and are both well chosen and 
well reproduced. Fullest advantage has 
been taken of the comparative method in 
the description and analysis of cytological 
phenomena. There are few bibliographic 
citations but there is a good index. 


® 


A History or Emsryouocy. 

By Joseph Needham. The Macmillan Co., 

New York. $4.00. 9% x 6}; xviii + 

274 + 16 plates; 1934. 
This is essentially an elaboration of the 
early part of the two volume work on 
Chemical Embryology by the same author 
which was published in 1931. There is a 
good deal of new material added but the 
general order and the topics considered are 
the same here as in the earlier publication. 
This book represents a very interesting and 
scholarly addition to the field of the 
history of biology. 
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Tae Viramin B. Requirement oF Man. 
By George R. Cowgill. Published for The 
Institute of Human Relations by Yale 
University Press, New Haven. $4.00. 
g x 6; xix + 261 + 4 plates; 1934. 

Professor Cowgill is trying to put together 
the results of animal experimentation on 
vitamin B, requirements in such a way that 
the knowledge thus gained may be more 
directly applied to the study of human 
dietaries. The absolute amount of any 
vitamin required by any animal might be 
expected to bear some relation to the ani- 
mal’s body weight. For some time, the 
relation was supposed to be a constant and 
direct one and grams of vitamin per gram 
of body weight of pigeon and rat were 
used interchangeably. But it has been 
found that this is not altogether true, at 
least for vitamin B,. Pigeons seem to 
requite more vitamin B, per unit of body 
weight than do dogs. 

Since it is impossible to subject humans 
to the rigorous experimentation necessary 
to determine such a relationship, Cowgill 
proposes to extend knowledge gained from 
animal experimentation. This necessi- 
tates determining the relation between 
body weight and vitamin requirement in a 
way that will hold from one species of 
animal to another. Cowsgill’s own thesis 
is that the vitamin B, required is a function 
of metabolism. His first approach is that 
the vitamin B, required is directly propor- 
tional to body pat ea (determined as body 
weight #) but this doesn’t seem to work 
very well in giving comparable results. 
So then he tries different powers of body 
weight and finally reaches the conclusion 
that vitamin B, is directly proportional to 
the 5/3 power of body weight. This 
seems to be a very important fact and one 
that should be very carefully and accu- 
rately determined. We should like to see 
this relation determined by other and more 
efficient statistical techniques. 

A subject index would increase the use- 
fulness of the book. 


R 


Tue PatieENT AND THE WEATHER. Volume 
II, Autonomic Dysintegration. Volume III, 
Mental and Nervous Diseases. 
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By William F. Petersen and Margaret E. 
Milliken. Edwards Bros., Ann Arbor, 
Mich. Vol. Il, $5.00; Vol. III, $6.50. 

10} x 8}; Vol. II, xx + 530; Vol. nid 

xvi + 3753 1934. 
The author revives the Hippocratic con- 
cept of the influence of weather conditions 
on disease manifestations by emphasizing 
the effect of meteorologic changes on the 
autonomic nervous system. In brief his 

int of view is that vasomotor instability 
hes not only an important réle in the 
progress of certain diseases or in determin- 
ing predisposition to them, but also in the 
degree of susceptibility to clinical mani- 
festations of infections. The instability, 
meaning abnormal fluctuations in vasocon- 
striction and vasodilation is, in the 
author's opinion, directly related to baro- 
metric pressure, temperature, humidity, 
etc., and shown by changes in blood pres- 
sure, blood pH, K/Ca, CO, and cholesterol 
contents. It is also associated with the 
individual somatic habitus. 

In Volume II the author discusses the 
effect of meteorologic alterations on the 
unstable individual relative to headaches, 
epilepsy, eclampsia, mucous colitis, gas- 
tric ulcers, certain allergic conditions, 
arthritis, Méniére’s disease, etc. 

In the first part of Volume III he ampli- 
fies his previous conclusions and descri 
the different meteorologic conditions in 
the United States in relation to the geo- 
graphic distribution of congenital physical 
malformations; the seasonal distribution 
of the conception of mentally superior and 
inferior individuals, of manic depressives 
and schizophrenics; the seasonal incidence 
of suicide. One of his tentative conclu- 
sions is that conceptions during the 
meteorologically stable months produce 
more often normal or dull-witted indi- 
viduals while those occurring during the 
unstable months more frequently produce 
insane or mentally superior men. The 
second part of this volume is dedicated to 
different forms of psychosis, multiple 
sclerosis, tabes and paresis, poliomyelitis 
and meningitis. 

The author is guarded in his conclusions 
and justly so since sufficient evidence is 
not given. For each disease condition he 
presents a few selected cases with detailed 
medical history, and physical and bio- 


chemical examinations, meteorologic 
charts and in some instances anthropomet- 
ricdata. It is a very interesting study and 
important from the standpoint of human 
constitution but it will necessitate further 
investigation both experimentally and 


statistically. 


De Venarum Osti0 Is, 1603, or Hizrony- 
mus Fasrictus oF AQUAPENDENTE (1533?- 
1619). Facsimile Edition. 
ith Introduction, Translation and Notes 
by K. J. Franklin. Charles C. Thomas, 
Springfield, Ill. $3.00. 9} x 6; 98 + 
Lage 1933. 
When Boyle asked Harvey what had led 
him to think of a circulation of the blood, 
the latter answered 


that when he took notice that the Valves in the Veins 
of so many several Parts of the Body, were so Plac'd 
that they gave free passage to the Blood Towards the 
Heart, but oppos’d the passage of the Venal Blood 
the Contrary way: He was invited to imagine, that so 
Provident a Cause as Nature had not so Plac’d so 
many Valves without Design: and no Design seem'd 
more probable, than That, since the Blood could not 
well, use of the interposing Valves, be Sent by 
the Veins to the Limbs; it should be Sent through 
the Arteries, and Return through the Veins, whose 
Valves did not oppose its course that way. 


Now from 1600 to 1602 Harvey had 
studied at Padua under the celebrated 
anatomist Fabricius of Aquapendente, who 
was the first to describe the valves of veins 
in detail. Thus although Fabricius was 

vented by his adherence to the ideas of 

alen from drawing those inferences 
which his pupil later made, his discovery 
Was an important step in the process. 
Dr. Franklin gives a reduced facsimile and 
a translation of Fabricius’ description of 
the veins, as well as a graphic brief ac- 
count of his life, a summary of previous 
work on the vein valves, and a history of 
the theater of the school of anatomy at 
Padua with architectural drawings of 
the theater, still existing, which Fabricius 
himself caused to be built. 


B 


A New Dear w Liquor. A Plea for 
Dilution. 
By Yandell Henderson. Also a Reprint- 
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ing of An Inquiry into the Effects of Ardent 
Spirits upon the Human Body and Mind, 
by Dr. Benjamin Rush. Doubleday, Doran 
and Co., Garden City, N. Y. $2.00. 
8 x 53; x + 239; 1934. 
Professor Henderson starts with the thor- 
oughly sound assumption that Americans 
are going to continue to drink alcoholic 
beverages. For him, the liquor problem 
resolves itself into the problem of weaning 
people away from whisky and other con- 
centrated alcoholic beverages and of sub- 
stituting beer and other wholesome and 
harmless alcoholic beverages. There are 
two obstacles to this program, the stupidly 
tvetse taxation policy which makes 
whisky cheap and beer expensive in terms 
of their alcohol content, and the practice 
of selling beer and whisky over the same 
bar. Professor Henderson's position 
throughout the book is that of a toxi- 
cologist analysing a problem in which 
ublic health is involved. He addresses 
bimeelf to people concerned with the legal 
control of the sale of alcoholic beverages, 
presents briefly but adequately and fairly 
the scientific and historical data that bear 
most directly upon the problem, and con- 


cludes with a program he believes will be 


conducive to temperance. In an appendix 
of about 30 pages he reprints a pamphlet 
first published in 1784 by Dr. Benjamin 
Rush who set himself the same problem as 
Henderson. There is an excellent index. 


R 


Tae CoMPARATIVE PuHysIOLOGY OF THE 
ConpiT1ioneD Moror Reriex. Based on 
Experiments with the Pig, Dog, Sheep, Goat, 
and Rabbit. Comparative Psychology Mono- 
graphs, Vol. 11, No. 1, Serial No. sr. 
By H. S. Liddell, W. T. James, and O. D. 
Anderson. Johns Hopkins Press, Balti- 
more. $1.50. 10x 6%; 89; 1934 (paper). 


The human nervous system is susceptible of disorders 
which are directly caused by social maladjustment. 
The normal adult assumes social responsibilities and 
conforms to an intricate schedule of habits. When 
he is able to discharge his obligations successfully 
and hence to maintain a stable system of behavior, 
mental life pursues a healthy course. But social 
life may become too intricate. An individual may 
imperceptibly impose upon himself too many duties. 
His life becomes too regimented and ell lenpened 
restraints bulk dangerously. Such an individual has 
cut off his avenues of escape and can no longer secure 
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adequate relief from dangerous nervous tension 
through evasion or procrastination. When serious 

dicaments arise a mental derangement may result 

cause the individual has already been effecting 
intricate adjustments which have taxed his nervous 
capacity to the limit. The added demand calls for 
that which cannot be supplied, and nervous bank- 
ruptcy follows. 


This monograph shows how such neu- 
rotic conditions may be produced in ex- 
perimental animals. There is also a 
considerable amount of detail about the 
experimental procedure in conditioned re- 


flex experiments. 


Revue pv’ IMMUNOLOGIE. 
Janvier 1935. 
Edited by Robert Debri, G. Ramon, Pasteur 
Vallery-Radot. Masson et Cie, Paris. 
Subscription: (6 numbers per year): 
France, 80 francs; foreign, 90 francs; 
single number 15 francs. 9} x 6}; 112; 
3933 (paper). we 
To bring before biologists and clinicians 
the more important work being done in 
the field of immunology and the practical 
application of many of the discoveries 
being made is the aim of this new journal. 
In its pages will be published original 
memoirs, articles bearing on actual prob- 
lems of immunity, and critical reviews. 
The first number contains the following 
papers (in French): Immunity and im- 
munization against typhus; position and 
actual state of the question, by Jules 
Bordet; Vaccination against diphtheria 
and tetanus by means of specific antitoxins 
and associated vaccines, now in practise, 
by G. Ramon; Comparison of provoked 
and spontaneous anaphylaxis, by Pasteur 
Vallery-Radot and C. Mauric; Mode of 
action of immunity created by diphtheria 
antitoxin; experimental study, by G. 
Ramon, Robert Debré and G. Sée; The 
roblem of allergic migraines, by Jean 


amburger. 
B 


ALCOHOL AND ANAESTHESIA. 
By W. Burridge. Williams and Norgate, 
London. 2s. 6d. net. 84 x 5}; 65; 1934 
5 eT 

On the basis of his experiments the author 


Tome 1, No. 1, 
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comes to the conclusion that alcohol 
exerts independent actions of both exalta- 
tion and depression on the same tissue at 
the same moment. Under the older the- 
ories of the physiology of alcoholic action 
Burridge claims it has been impossible 
to explain this fact which his collected 
data and interpretations fit quite nicely. 
In brief, the new theories developed in the 
book are ‘‘that central neurones are rhyth- 
mically active structures which possess 
two sources of potential for their energy 
manifestations and that the physiological 
basis of an idea is a group of nerve cells 
rhythmically active in unison.” 

he reader will have to keep awake if he 
is to find out what this book is about and 
why—however, he may take some com- 
fort in one of the author's conclusions 
that the “‘intelligent and clean-minded"’ 
may be able to imbibe alcoholic liquors 
with benefit. 


Tue Puystotocy or HuMaAN PersPiraTION. 
By Yas Kuno. J. and A. Churchill, 
London. 121s.6d. 8x5};x + 268+ 6 
plates; 1934. 

The author, who is professor of physiol- 

ogy in the Manchuria Medical College, 

has devoted nine years to a study of the 
physiology of perspiration. The book 

contains a thorough survey of all im- 

portant research in the subject up to the 

resent, and a summary of the work done 
in his own laboratory. He points out 
that sweating is not as simple a physio- 
logical process as has heretofore been 
assumed. Sweating produced from emo- 
tional and sensory stimulation is 
controlled by a different cerebral center 
than that occurring as a result of high 

temperature. Sweating also has an im- 

— réle as a physiological process, he 
lieves. 

The book is a thoroughly scholarly piece 
of work. There are 26 pages of bibliog- 
raphy devoted to papers published in the 
department and upon which the mono- 


graph is based. 


STANDARD CLassIFIED NOMENCLATURE OF 
Disease. Second Edition. 


Compiled by The National Conference on 
Nomenclature of Disease; Edited by H. B. 
Logie. Commonwealth Fund, New York. 
$3.50. 7% x 43; xxi + 870; 1935. 
The first (1933) edition of this Standard 
Classified Nomenclature of Disease was te- 
viewed in Vol. 8, p. 375. 


The same general plan of classification of coding is 
followed in the new edition as in the old... . The 
most important changes will be found in the sections 
on endocrinology, neurology, diseases of the cardio- 
vascular system, and diseases of the musculo-skeletal 
system; the latter two have been rewritten, not only 
to make them more complete and exact but to make 
reference easier. Errors and omissions have been 
corrected, and the Index has been enlarged by about 
two thousand items so as to facilitate cross reference 
between terms in common use and the terminology 
employed in the Classified Nomenclature. It now 
contains nearly 15,000 items. 


B 


Rapport suR LE PéiertnaGe au HeEpjaz 
de l’Annte de I’ Hégire 1352 (A.D. 1934). 
Conseil Sanitaire Maritime et Quarantenaire 
d' Egypte, Alexandria. Free. 12} x 9; 
81 + § folding tables; 1934 (paper). 
The annual pilgrimage to the Hedjaz 
has sent many hundreds of devout Moham- 
medans to the Moslem heaven what with 
cholera, typhoid, etc. In recent years the 
morbidity and mortality have greatly 
diminished. This statistical report issued 
by the Sanitary Council of Egypt explains 
this decrease and demonstrates again the 
benefits derived from strict sanitary meas- 
ures. It deals with almost 10,000 pilgrims 
(circa 1/6 of the total) who came to the 
Hedjaz from Egypt ot from other countries 
but passed through Egyptian parts and the 
Suez Canal. The pilgrims were given in- 
jections against typhoid, cholera and pest. 
Quarantine was established before the 
pilgrims were allowed to return and there 
they were given sagem and laboratory 
examinations. e excellent results are 
immediately apparent from the many 
tables which summarize the data obtained 
from the reports of the health officers. 


B 


Das GESUNDHEITSWESEN BEI ARISTOTELES. 
By Paul Kalthoff. Ferd. Diimmler, Ber- 
lin and Bonn. 12.80 marks (paper); 
14.80 marks (cloth). 9% x 6}; xvi + 
372; 1934- 
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Kalthoff expresses as one of his aims in 
writing this book the hope of *‘awakening 
in the medical man, historical, and in the 
hilologist, medical, understanding.”’ 
is is a compilation of what is written 
in the various works indisputably attrib- 
uted to Aristotle, concerning various 
phases of hygiene and medicine. The 
chapter headings include social hygiene, 
exercise, clothing, climate, communicable 
and other diseases, anatomy, sexuality, 
ychiatry, medicinal plants, etc., etc. 
om in the text refer to references 
given at the back of the volume which 
are complete even to page and column but 
at times the edition of the work used by 
the author is not made clear. 

A short list of comparatively recent 
works on medicine and hygiene in ancient 
Greece and Rome is given in the introduc- 
tion. The book has no index. 


R 


PxyYSIOLOGIE ET PHYSIOPATHOLOGIE DU Sys- 
tTkME RéticuLo-ENDOTHELIAL. 
By Albert H. Du Bois. 


Paris. 


(paper). 


Masson et Cie, 
9} x 6}; 204; 1934 


A critical review of the discoveries made 
between 1924 and 1933 relative to the 
ccleaipenteaaiial system. The first 
part which includes an excellent chapter 
on the morphology of the reticulo-endo- 
thelial system records the general experi- 
mental results regarding functional tests 
and vital fixation. The second part deals 
with the function of this system in normal 
and pathologic physiology; metabolism of 
pigments, lipoids, carbohydrates, water, 
proteins; the reaction to infectious dis- 
eases, phagocytosis and immunity. There 
follow chapters on the changes produced 
by different forms of wate in disease. 
A comprehensive bibliography of 30 pages 
closes this fine work. 


Be 


Tae Nutritionat Oricin or CANCER. 
By Edwin E. Ziegler. Edwin E. Ziegler, 
Box 2193, ~~ m7 $2.50. 9 x 6; 
1v + 92; 1934 (paper). 
The at we Bethstes shes there is enough 
statistical evidence to show conclusively 
that the incidence of cancer is directly 


36 francs. 
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peveaenicnn: to the consumption of alka- 
ine food. In European countries where a 
large quantity of alkaline foods are con- 
sumed there exist the highest death rates 
from cancer, and conversely primitive peo- 
le, subsisting on a high protein and acid 
orming diet, have very little cancer. As 
cancer is thus a disease of civilization the 
best preventive measures would be to 
return to a primitive diet, high in acid 
forming fade and similar to that of our 
savage and nomadic ancestors. 


R 


Heatta Dentistry ror THE CoMMUNITY. 
A Study of the Present Needs and General 
Trends in the Provision of Community-wide 
Dental Care. 
By The Committee on Community Dental 
Service of the New York Tuberculosis and 
Health Association. University of Chicago 
Press, Chicago. $1.00. 8 x 5}; xiii + 
85; 1935. mi " 
A survey of the existing conditions of 
dental health in large urban communities 
shows that there is a deplorable lack of 
proper dental treatment, particularly 
among school children. A summary of 
the dental findings among 1,000 patients 
of the white collar class also indicates 
that present dental care for adults is far 
below what it should be to maintain a 
healthy community. The survey points 
out the need for socialization of dentistry, 
and offers, in the concluding chapters, a 
good working program. 


B 


Otpv Ace—Medically Considered. 
A Series of a by Medical Authorities 
on the Physical and Dietetic Treatment of 
Diseases and Disabilities of Old Age. 
Actinic Press, London. 3 shillings net. 
8% x 54; 96 + 2 plates; 1934 (paper). 
These papers, originally published in the 
British Journal of Physical Medicine, deal 
with the diet, ocular diseases, dental dis- 
ease, early prostatic obstruction, neuritis, 
sciatica and lumbago, cardio-vascular 
disease, deafness, kidney disease, skin 
affections, respiratory disorders, the im- 
portance of exercises and recreations, and 
physical treatment of cardio-vascular 
sclerosis. 
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Pour Vivre Cent Ans on |’ Art de Prolonger 
ses Jours. Troisitme Edition. 

By A. Guéniot. J.-P. Baillitre et Fils, 

Paris. 14 francs. 7§ x 43; 230; 1933 

| re 
When this third edition was published 
the author, a physician, was 101 years old. 
He regards the century mark as the 
““‘normal’’ life span and gives his reasons 
which are not very convincing. His ad- 
vice on the means of attaining this age is 
the usual formula: temperance. It is to 
be presumed that the author himself fol- 
lowed a temperate regimen but there is 
no specific statement to this effect. 


® 


KoNsTITUTION UND ‘TUBERKULOSE IM 
KINDESALTER. 

By Kurt Klare. Georg Thieme, Leipzig. 
4 marks. 10x 6}; 42; 1935 (paper). 
The writer discusses briefly the constitu- 
tional types and bodily habitus of children 
in relation to their susceptibility to tuber- 
culosis. He includes a series of selected 
cases with family history, patient's past 
history and the habitus but is unable to 
arrive at any definite conclusions regarding 

the relative influence of these factors. 


B 


La ProtipéMIE ET LA Pression OsMOTIQUE 
pes Protipes. Recherches Expérimentales 
et Applications Cliniques. 
By Antoine Codounis. Masson et Cie, 
Paris. 36 francs. 9} x 6}; 212; 1934 


(paper). ' ; 
Methods of technique and detailed obser- 
vations are given on experimental work 
with animals and clinical with man con- 
cerning the protein equilibrium of the 
blood and osmotic pressure in normal and 
diseased conditions. The bibliography 


covers II pages. 


B 


BIOCHEMISTRY 


Ecéments pe Cuma Véc&raze. 
By N. Wattiez and F. Sternon. Masson et 
Cie, Paris. 100 francs. 93 x 63; 729; 
1935 (paper). 

This is one of the best reference books on 

plant biochemistry to appear in recent 


years. It has been written primarily to 
facilitate the qualitative and quantitative 
analysis of plant products, and several 
kinds of information and numerical data 
are concisely presented. Much use has 
been made of tabular data and the authors 
have shown no little skill in reducing 

hysical, chemical, and pharmaceutical 

ata to tabular form or to some other form 
of systematic presentation. Structural 
formulae are given for all substances and 
the formulae for the carbohydrates are in 
accordance with Haworth’s findings. 
Prominence is given to color reactions for 
the ready recognition of specific substances 
and groups of substances and one section 
is devoted to the use of such methods in 
microscopy. In general, the text is meant 
to summarize the data of organic chemis- 
try rather than to expound it for beginners. 
The bibliographies that follow each chap- 
ter are adequate and there is an excellent 


index. 
‘1 


INDusTRIAL PossiBiLiTIEs OF SOME ResEARcH 
Worx Done 1n INpi1a. 
By Gilbert J. Fowler. Society of Biological 
Chemists, Indian Institute of Science, 
Hebbal P.O., Bangalore. Re.1. 83x 5}; 
42; 1934 (paper). 
A brief description of the local commercial 
and industrial exploitation of the results 
of bio-chemical researches conducted at 
different Indian institutes and universities. 
The subject matter is classified in (2) 
researches resulting in permanent factories, 
(2) researches resulting in factory opera- 
tions still in the initial stage, (3) re- 
searches resulting in factories now discon- 
tinued for various reasons, (4) researches 
not fully exploited, (5) researches which 
await commercial consideration. It ap- 
pears that by stimulating scientific activity 
there are great possibilities for further 
economic development in India. 


B 


Lasoratory MaNuAL oF PuHysiOLOGICAL 

Cuemistry. Third Edition. 
By Meyer Bodansky and Marion Fay. 
John Wiley and Sons, New York. $2.00 
net. 9 x 6; vii + 274; 1935. 

In volume 4, page 148 of the QuaRTERLY 
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Review or Bioxocy, is a review of the 
first edition of this manual. The present 
edition shows considerable change. The 
chapter on colloids has been omitted since 
the authors believe that adequate treat- 
ment of the subject cannot be included in a 
manual of the size of the present one. 
The order of some of the chapters and 
experiments has been changed and at man 
oints additional material has been added. 
e table of atomic weights has been 
brought up to date. 


® 


Diz RONTGENSPEKTROGRAPHIE ALS UNTER- 
SUCHUNGSMETHODE bei hochmolekularen Sub- 
stanzen, bei Kolloiden und bei tierischen und 
pflanzlichen Geweben. Handbuch der bio- 
logischen Arbeitsmethoden. Lieferung 436. 

By J. R. Katz. Urban und Schwarzenberg, 

Berlin. 20 marks. 10 x 7; 316; 1934 

(paper). 
This monograph is based on the lectures 
delivered to students of chemistry by the 
author every second year at the University 
of Amsterdam. The book is chiefly an 
elaborate description of technique, and is 
therefore, as the author admits, of little 
value unless used in conjunction with 
laboratory work. The work is very thor- 
oughly done and contains descriptions of 
the best methods of X-ray for every kind 
of animal and plant tissue. 


B 


RecHercHes Exp£RIMENTALES SUR QUELQUES 
Esters DE LA CHOLINE. 

By Maurice Villaret, L. Justin-Besancon 

and René Cachera. Masson et Cie, Paris. 

38 francs. 10 x 6}; 254; 1934 (paper). 
Here are offered the results of twenty years’ 
experimental work on laboratory animals 
and man on the effects of different doses of 
some of the cholines, notably acetyl- 
choline and methylacetylcholine, on the 
cardio-vascular and respiratory systems 
and gastric secretions. Charts, a three 
page list of works by the authors and 
co-workers, and an index are provided. 


B 


MIKROCHEMIE DES Biutss. Monographien 
aus dem Gesamtgebiete der Mikrochemie. 
By Friedrich Reppepert. Emil Haim und 
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Co., Vienna. 15 marks (paper); 16.80 

marks (cloth). 9% x 6}; xi + 206; 1935. 
A hand-book of blood analysis techniques 
given under the headings of principle 
of method, reagents to be used, the proce- 
dure, the method of calculating the result, 
an example worked out, and then some 
sort of interpretive remarks showing clini- 
cal conditions where the analysis at hand 
is to be used and what order of numerical 
values is to be expected. 


® 


SEX 


WomMEN ON THEIR Own. 
By Olga Knopf. Edited by Alan Porter. 
Little, Brown and Co., Boston. $2.75. 
8§ x 52; 306; 1935 
Dr. Keaof was bese and educated in 
Vienna where she did a large part of her 
medical work until she came to New York 
in 1931. Although she served as a surgeon 
during the war and later practiced as a 
specialist in gynecology her main interest 
lay in medical psychology, and for the 
last ten years her work has been in this 
field. Her book is written for the average 
American woman. She does we always 
asp the American viewpoint but she has 
a oe a sane, sensible book which 
probably could be — generally to 
women in any civilized country. She 
discusses woman in relation to her men 
friends, her women friends, and her fellow 
workers, choice of work, career, and mar- 
riage, women of the new era and the 
question as to whether marriage can solve 
a personality problem. There is some 
analysis of neurotic and psychopathic 
types but in the main the book is rather a 
guide to the normal woman in the solution 
of such ordinary difficulties as beset her. 


R 


Test Tuse Basies. A History of the Arti- 
ficial Impregnation of Human Beings, Includ- 
ing a Detailed Account of its Tichmique, 
Together with Personal Experiences, Clinical 
Cases, a Review of its Literature, and the 
Medical and Legal Aspects Involved. 

By Hermann Robleder. The Panurge Press, 

New York. $3.50. 93 x 64; 248; 1934. 
This volume gives a “‘history of the arti- 
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ficial impregration of human beings, a 
detailed account of its technique, together 
with personal experience, clinical cases, a 
review of its literature, and the medical 
and legal aspects involved."’ In an appen- 
dix is reprinted a letter addressed to the 
Royal Society in 1750—Lucina sine Con- 
cubitu. The volume is neither documented 
nor indexed. That the author is un- 
familiar with recent work on the most 
favorable period during the monthly cycle 
for conception is indicated by his state- 
ment that: ‘‘It is a well-known fact that 
fertilization is easier during menstruation 
than otherwise."’ Possibly his record of 
five successful cases out of nineteen cases 
would have been considerably bettered 
had he been aware of modern investiga- 
tions along this line. 


R 


Fit or Unrit ror Marriace. 
By Th. H. Van de Velde. Chapman and 
Hall, London. 10s. 6d. net. 8} x 53; 
xii + 362; 1934. 

The object of this book is 


to explain to young people of both sexes, especially 
before they decide to become engaged, the importance 
of making up their minds regarding their own fitness 
as well as the fitness of their partner for the obligation 
of marriage. It seeks to enlighten parents and 
guardians as to the direction in which they should 
use their influence, and to give to those already mar- 
ried who find themselves bound to an unsuitable 
partner such insight into the causes of their misfor- 
tune as will enable them to obtain help in dealing 
with their difficulties. 


Fasrs Biotocicas pe LA Mujer (Cartas a 
Paloma). Pubertad, Noviazgo, Boda, Em- 
barazo, Parto, Puerperio, Crianza, Aborto, 
Esterilidad, Complejo de Maternalidad, Pro- 
creacién Consciente, Edad Critica, Menopausia. 
By Francisco Haro. Javier Morata, Ma- 
drid. 5 pesetas. 7} X §; 230; 1934 
(paper). — 
In a series of letters to an imaginary young 
lady, Paloma, supposedly written at 
different periods in her life, the author 
— excellent medical advice. The first 
etter follows the girl’s menarche and in 
it is given the explanation of the phenome- 
non and the care to be taken. The other 
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letters regard the girl's engagement, mar- 
riage, _ ancy, delivery, abortion, and 
desire for family limitation. A last letter 
treats of menopause and its consequences. 
The literary form used appears to be well 
adapted to the subject, probably because 
the author is at all times a friendly physi- 
cian and never a preacher. 


® 


Tue TEcHNIQUE OF CONTRACEPTION. An 
Outline. Second Edition. 
By Eric M. Matsner. Published for the 
American Birth Control League, by The 
Williams on “oe a 
ocents. 8% x 54; 38;1 aper ). 
The first edition o this Seal one pe 
in Volume 8, page 378. Dr. Matsner 
divides the methods of contraception 
which he describes into: those found to 
be most practical and therefore most 
acceptable to prescribe; those found to be 
impractical for general use, uncertain and 
questionable; those needing further experi- 
mental and developmental research before 
being prescribed for general use. How- 
ever, he admits that the ideal contracep- 
tive has not yet been found. There is a 
bibliography of one page. 


B 


AMERICAN ENcycLopepia oF Sex. 
By Adolph F. Niemoeller. The Panurge 
Press, New York. $5.00. 9} x 6}; 277; 


ree - ae eae 
With the aid of this dictionary even the 
most delicately nurtured person should be 
able to understand pseudo-scientific litera- 
ture on sex, journalistic pornography, the 


language of taxicab drivers, and the 
chalked inscriptions that appear on side- 
walks and fences in the spring of the year. 
Only the coarser expressions in use in 
rural regions are omitted. 


B 


Tue Sare Pertop or the Natural Method of 

Birth Control. 
By William J. Robinson. Eugenics Pub- 
lishing Co., New York. 10 cents. 7% x 
5%; 16; 1935 (paper). 

In a canlacly style the author gives a 
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popular explanation of the Ogino-Knaus 
theory of the female ‘‘safe-period.’’ He 
justly cautions that too much reliance 
cannot be placed on the ‘‘safe-period’’ and 
remarks in characteristic manner: ‘“Trust 
in the Ogino-Knaus theory and have a 
prevenceptive jelly handy."’ 


Re 


BIOMETRY 


SraTisTicaL CONFLUENCE ANALYSIS BY 
Means or CompieTe Recression Systems. 
By Ragnar Frisch. Universitetets Dkonom- 
iske Institutt, Oslo. 9% x 6; 192; 1934. 
In partial regression analysis there is 
danger of obtaining meaningless results 
whenever one includes in the same regres- 
sion equation a set of variates containing 
two or more subsets which are already 
highly correlated. For instance, sup 
that we are considering three variates 
between which there exist two linear 
equations. When observations are repre- 
sented in three dimensional space all the 
points will lie on a straight line and, 
while the zero-order regression of any one 
of the variates on any other is perfectly 
determinate, the ee regression of one 
variate on any other is indeterminate. If 
the variates are subject to random errors 
the regression coefficients will no longer 
be of the indeterminate form o/o, but will 
be the quotient of one random error by 
another. These apparently determinate 
regressions will therefore be meaningless. 
The author believes that as a result of 
neglect of this point ‘‘a substantial part 
of the regression and correlation analyses 
which have been made on economic data 
in recent years is nonsense."’ In this inter- 
esting book he develops methods intended 
to warn the statistician of this pitfall. 
These methods are based in part on the 
reduction in variation of the observed 
points around the regression plane as new 
variates are added and in part on the 
criterion that a regression coefficient be- 
tween two given variates should change 
but little when based on minimization of 
sum square residuals in different directions. 
In an artificially constructed example the 
new technique yields conclusions agreeing 
with what is known a priori about the 
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manner of construction of the variates. 
In another example it is applied to measur- 
ing money flexibility from a six-variate 
analysis of annual consumption statistics 
from 1919 to 1931. Perhaps we are old 
fashioned but to us a six-variate analysis 
based on thirteen observations seems rather 


like overfitting. 


CoMPARABILITY OF MaTERNAL MorTALitTy 
Rates tn THE UN1Tep States AND CERTAIN 
Foreicn Countries. <A Study of the Effects 
of Variations in Assignment Procedures, 
Definitions of Live Births, and Completeness 
of Birth Registration. U. S. Department of 
Labor, Children’s Bureau, Publication No. 229. 
By Elizabeth C. Tandy. U.S. Government 
Printing Office, Washington. 5 cents. 
9 x $3; V + 24; 1935 (paper). 
The high maternal mortality rates for the 
United States as compared with those for 
other countries have been often attributed 
to the difference in assignment procedures 
of cause of death. In order to obtain data 
on the extent of this difference 477 selected 
United States death certificates, on which 
pregnancy or childbirth were mentioned, 
were sent to the Vital Statistics Bureaus of 
16 foreign countries with the request to 
classify the cause of death as puerperal or 
non-puerperal. Statistical analysis of the 
results leads the author to conclude ‘‘that 
differences in methods of assignment are 
insufficient to explain the high mortality 
rate of the United States as compared to 
foreign countries.’” In addition, the au- 
thor finds that differences in definition of 
live births and the incompleteness of birth 
registration here are not factors of great 
importance ‘“‘in connection with com- 


parability."’ 
B 


Forest MENsuRATION. 

By Donald Bruce and Francis X. Schu- 

macher. McGraw-Hill Book Co., New 

York. $3.50. 9 x 6; xiv + 360; 1935. 
A textbook of mathematical technique in 
the collection and elaboration of quantita- 
tive data in forestry. The first part, on 
direct measurements, describes the instru- 
ments and methods of measuring diameter, 
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height, volume, and age of trees. It is 
introduced by a good though brief discus- 
sion On measurement in general. In the 
second and third parts there is an outline 
of elementary statistical methods, calcu- 
lations of constants, measures of disper- 
sion, the fitting of simple curves, together 
with numerous applications to problems 
in forestry. This volume lacks a compre- 
hensive bibliography, but there is an 
appendix with some useful tables. 


) 


Trenp ANatysis oF Statistics. Theory and 
Technique. 
By Max Sasuly. Brookings Institution, 
Washington. $5.00. 9} x 6}; xiii + 
4213 1934. 
This is a treatise on the least square fitting 
of polynomials and on related topics, such 
as interpolation and fitting by moving 
mar agg arcs and moving averages. 
xtensive use is made of orthogonal 
lynomials and of factorial moments 
instead of the usual power moments. 
Tables of coefficients useful in fitting, 
bibliographic footnotes and indexes are 


provided. 
B 


PSYCHOLOGY AND BEHAVIOR 


CompaRATIVE PsycHotocy MoNoGRAPHS, 
Vol. 11, No. 2, Serial No. 52. Studies of 
Cerebral Function in Learning. XI. The 
Behavior of the Rat in Latch Box Situations. 
The Mechanism of Vision. XII. Nervous 
Structures Concerned in the Acquisition and 
Retention of Habits Based on Reactions to 
Light. 
By K. S§. Lashley. The Johns Hopkins 
Press, Baltimore. $1.25. 10 x 6§; 79; 
1935 (Paper). 
Since the days of Gall and Spurzheim the 
roblem of localization of function in the 
~ has puzzled psychologists. On the 
one hand it has been concluded that there 
is a high degree of specialization of certain 
functions; on the other hand various in- 
vestigators, especially Franz and Lashley, 
have found evidence that the cortex func- 
tions as a whole. In the two parts of this 
interesting mono = Lashley deals with 
the retention and relearning of latch box 
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habits and of visual discriminations by 
rats after experimental extirpation of a 
of the cortex. With regard to the latch 
box habits he concludes ‘‘that the mech- 
anism of association, as such, is not 
disturbed by cerebral lesions and that 
retardation from cerebral lesions is due 
rather to disturbance of such functions as 
are implied by the terms attention, insight 
and initiative.” 
As to visual discrimination 


So long as any small of the geniculo-striate 
system remained intact rw retention of the habit 
was possible. . . . With complete destruction of both 
striate areas and complete degeneration of the lateral 
geniculate nuclei, the animals required as much 
practice for relearning as for initial learning before 


the ation. The postoperative loss or habit 
thas follows an all-or-nothing principle, and occurs 


only after complete destruction of the striate areas. 
Computation of correlations between extent of cere- 
bral lesion and postoperative training records gives 
coefficients of about 0.60, due to the inclusion of cases 
with and without complete destruction of the striate 
areas. My earlier conclusion that the loss of the 
habit is proportional to the amount of tissue de- 
stroyed, irrespective of locus within the visual areas, 
was therefore incorrect. 


B 


Sruptes In Infant Benavior I. University 
of Iowa Studies. Studies in Child Welfare. 
Volume IX, No. 4, New Series No. 281. 
By Orvis C. Irwin, LaBerta A. Weiss, and 
Esther M. Stubbs. University of Towa, 
Towa City. $1.35 (paper); $1.70 (cloth). 
9% X 6; 175; 1934. 
BEHAVIOR OF THE PrescHoot Cuitp. Uni- 
versity of Towa Studies. Studies in Child 
Welfare. Volume IX, No. 3, New Series 
No. 275. 
By Lois M. Jack, Elizabeth M. Manwell, 
Ida G. Mengert, Esther Van C. Berne, 
Helen G. Kelly, LaBerta A. Weiss, _ ~ 
F. Ricketts. University of Iowa, Iowa 
City. $1.35 (paper); $1.70 (cloth). 93 
x 6; 171; 1934. 
The first of these studies comprises five 
wholly separate and complete investiga- 
tions on the new-born infant. Part I is 
concerned with differential variations in 
the amount of activity of new-born infants 
under continuous light and sound stimula- 
tion; Part II deals with the effect of the 
factors of duration, intensity and pitch of 
sound stimuli on the responses of new-born 
infants; Part III is a study of differential 
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variations in the activity and crying of 
the new-born infant under different intensi- 
ties of light; Part IV, The effect of clothing 
on the general and vocal activity of the 
new-born infant, and Part V, The effect 
of darkness on the activity of new-born 
infants. The experimental findings in 
each of the five studies were treated bio- 
metrically, and will provide useful data 
for future research on infant behavior. 
Studies in the behavior of the preschool 
child were made on 2, 3 and 4 year old 
children. The first of the studies deals 
with an experimental study of ascendant 
behavior in preschool children. Ascend- 
ancy is defined as follows: *‘An ascendant 
individual is one who acts in accordance 
with his own desires and places himself in 
a position of advancement."’ Ascendancy 
was correlated with such characteristics 
as social responsiveness, expansive be- 
havior, competitive attitudes, etc. Part II 


concerns a study of the development of 
two and three year old children with 
respect to play activities. Part III is an 
extremely interesting section on the ade- 
a of = of behavior obtained 


uring short observation periods; Part IV 
is an experimental investigation of certain 
factors involved in the preschool child's 
compliance with commands, and Part V 
is a study of the behavior of young 
children in anger. 


R 


PsycHoLOGY AND HEA.TH. 
By H. Banister. The Macmillan Co., 
New York. $2.50. 73 x 54; viii + 256; 


1935. 
A highly useful book for doctors, parents, 
teachers and social workers. The author 
is a lecturer in experimental psychology 
in the University of Cambridge. He sets 
forth in these pages the theories of Janet, 
Freud, Jung and Adler but follows no one 
school to the exclusion of the others; he 
discusses the problem child and infaniile 
sexuality: the importance for the doctor of 
a knowledge of psychology and the 
troubles which he is called upon to face 
not only in the mentally diseased but in 
the healthy minded patient as well; 
treatment by suggestion, and by analysis. 
In the final chapter there is discussed at 
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length the author's views on what he 
terms the ‘‘sentiment formation tendency”’ 
and he concludes with the statement that 
“TI strongly hold that everyone would be 
the better if he understood something of 
the growth of sentiments, of the formation 
of character, and of the dangers and ills 
that may accrue if, from any cause, the 
proper development of sentiments is im- 
peded. The dissemination of this knowl- 
edge is, I think, one of the most important 
duties of the already overburdened general 
practitioner.’’ The volume contains a 
useful bibliography and an index. 


B 


Tue Functions or THE Visuat AREAS OF 
THE CEREBRAL CoRTEX OF THE RAT IN THE 
LEARNING AND RETENTION OF THE Maze. 
I. Comparative Psychology Monographs, Vol. 
10, No. 4, Serial No. so. 

By Yu-Chiian Tsang. The Johns Hopkins 

Press, Baltimore. $1.00. 10 x 7; 56; 

1934 (Paper). 
The problem as stated by the author in 
the opening paragraph is: ‘‘Is the function 
of the sensory areas of the cerebral cortex 
strictly sensory or imaginal, or do the 
areas have some additional function which 
is not directly related to their sensory 
processes but is a less specific contribution 
to the general efficiency of the per- 
formance.” 

Maze performance tests were made on 96 
female rats, divided into five a GC) 
Normal controls; (2)  Peripherally 
‘blinded’, both eyes enucleated; (3,) Corti- 
cally ‘blinded’, visual cortex destroyed, 
eyes intact; (4) Both peripherally and 
cortically blinded, both eyes and visual 
cortex removed; (5) A control group, 
partially cortically blinded. 

The essential point to come out of the 
experiment was that destruction of the 
visual cortex in Dee or in whole is sig- 
nificantly more detrimental to maze per- 
formance than just peripheral blinding, 
that is, removal of the eyes. The author 
believes that the inability of the cortically 
operated animals to adjust themselves to 
the maze is due to ‘the mutilation of the 
cerebral integrative function, that is to 
general dementia.” 
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HuMaAN PERSONALITY AND THE ENVIRON- 


MENT. 
By Charles M. Campbell. The Macmillan 
Co., New York. $3.00. 8} x 5$; xi + 
252 + 6 plates; 1934. 

In this book, originally given as a series 

of Lowell lectures, a wise and understand- 

ing psychiatrist attempts ‘‘to give a more 

vivid and precise meaning to the word 

personality, and to stimulate the interest 

of [the reader] in the driving forces of the 
individual life."’ He deals in turn with 
the relation of the personality to the 
physico-chemical environment and to the 
physiological mechanisms of the organism, 
its development from the ovum to the 
adult, its dynamic systems and their inte- 
gration, some of the tasks which confront 
it, such as the maintenance of its integrity 
and of equilibrium between conflicting 
internal tendencies, and finally ‘‘some of 
the ways in which the individual attempts 
to do justice to the needs of his own 
complex nature and to play his réle in the 
endless drama of the universe."’ There 
are numerous bibliographic footnotes and 


an index. 


A Textsoox or ExperIMENTAL AND THE- 
QRETICAL PsycHOLOGY. 
By Ernest B. Skaggs. Christopher Publish- 
ing Co., Boston. $4.00. 9% X 6; 426; 


1935. 

A a fair, unbiased text-book on psy- 
chology written from the point of view 
“that all explanation of an immediate 
kind in psychology must be in terms of the 
structure and functioning of the nervous 
system.”” 

One characteristic of the book which 
should be very helpful to the student is 
the author's admirable habit of stating 
all sides of a controversial subject, then 
giving his own position and explaining 
why he holds it. 

Our chief complaint with the book is 
in regard to the cuts. The figures such 
as those of the ear and brain structure are 
too small and too dark to show the 


requisite detail. 


PsycHo-ANALYsIS FOR TEACHERS AND Par- 
ENTS. Introductory Lectures. 


THE QUARTERLY REVIEW OF BIOLOGY 


By Anna Freud. Translated by Barbara 

Low. Emerson Books, New York. $1.75. 

7% x 4%; 117; 1935. 
In this day and age when Oedipus com- 
plexes provide dinner table conversation 
this little book seems unnecessarily simple 
and elementary. But perhaps Sigmund 
Freud's daughter—the author—knows 
what an audience of teachers needs and 
wants in such matters. The unconscious, 
repression, reaction-formation, sublima- 
tion, complexes, the libido, the theory of 
infantile sexuality—these are all explained 
very oo and untechnically. ere is 
very little of practical advice as to how 
to avoid the unpleasant results of mis- 
guided repressions, however. 


B 


Die TierPsyCHOLOGISCHE Forscnunc. [hre 
Ziele und Wege. Bios Band II. 

By J. A. Bierens de Haan. Johann Am- 

brosius Barth, Leipzig. 6.60 marks. 9} 

x 6}; xi + 96; 1935 (paper). 
The author has done an excellent piece of 
work in presenting, in somewhat less 
than 100 pages, a readable, comprehensive 
survey of the experimental work on animal 
psychology and behavior—methods and 
their development, aims, and results. 
Several times he emphasizes the need of 
caution in the interpretation of results, 
especially in two special sections on reflex 
action and performance, and the ‘‘con- 
sciousness’’ of animals. An eight-page 
bibliography is provided but there is no 


index. 
‘ 


DE OMNIBUS REBUS 
ET QUIBUSDEM ALIIS 


Cosmocontes oF Our Fatuers. Some The- 
ories of the Seventeenth and the Eighteenth 
Centuries. 
By Katharine B. Collier. Columbia Uni- 
versity Press, New York. $5.00. 8} x 
585 500; 1934. ; 
As the author of this interesting study of a 
curious phase in the history of science 
points out, when new scientific discoveries 
conflict with old cosmological doctrines, 
sanctioned by religious tradition, four 
types of reaction are possible. ‘The first 
type is a vigorous rejection of all new 
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thought that does not square with the 
old; the second, a discarding of all the old 
because of its apparent disagreement with 
the new; the third, a peculiar arrangement 
of the mind in thought-tight compart- 
ments to prevent any influence from one 
set of doctrines upon another; and the 
fourth an attempt to harmonize the new 
with the old thought.”’ 

This book is a history of reconciliatory 
gymnastics during the seventeenth and 
eighteenth centuries. In Roman Catholic 
countries the burning of Bruno and the 
condemnation of Galileo made authors 
wary of attempting to show that the newer 
doctrines might be harmonized with the 
Biblical account. In Protestant countries, 
on the other hand, and especially in Eng- 
land, the reconcilers flourished. Fludd, 
Burnet, Warren, Keill, Ray, Whiston, 
Woodward, Grew, Dickinson, Witty, Der- 
ham, Hutchinson, Swinden and Pike, 
among others, produced works in which 
the Biblical narrative and the science of 
the day are stretched and squeezed in 
various ways to fit each other. In the 
middle of the eighteenth century Buffon 
suggested that the days of creation were 


really epochs, each of several thousand 


years, a device that has retained its 
popularity among reconcilers to the pres- 
ent time. By the end of the eighteenth 
century, however, general opinion had 
come to agree with Baronius that the Bible 
was written to teach mankind how to go 
to heaven and not how the heavens go. 
The astronomers were left free to pall a 
their subject in their own way. How- 
ever, the biologists had later to fight for 
the like freedom. 

The book contains a bibliography of 24 
pages and an index. 


® 


A History or Macic AND ExPERIMENTAL 
Science. Volumes III and IV. Fourteenth 
and Fifteenth Centuries. 
By Lynn Thorndike. 
Press, New York. $10.00 
53; Vol. 1, xxvi + 827; 
767; 1934. 
In these two massive and carefully docu- 
mented volumes Professor Thorndike car- 
ties to the beginning of modern times the 
history of that strange mixture of magic, 


Columbia University 
rset. 83x 
ol. 2, xviii + 
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rationalism, and observation from which 
modern science developed. On the whole 
the occult predominates in the record of 
these, as of preceding centuries. Yet the 
quantitative interests of Richard Suiseth, 
called Calculator, Henry of Hesse, Oresme, 
Blasius of Parma and Nicholas of Cusa, 
the astronomical clocks of James and John 
de Dondis, the anthropological observa- 
tions of Michael Savonarola, and the 
recognition of erosion and the gradualness 
of geological change by John de Fundis, 
are all adumbrations of the new spirit 
which was to accomplish such notable 
things in the seventeenth and later cen- 
turies. Of particular interest to a bio- 
metrician is Oresme’s discussion of *‘lati- 
tude,"’ as in his statement that ‘‘between 
maximum and minimum... there is 
greater latitude in ome species than in 
another,’’ greater in men, for example, 
than in hares. This seems to fection 
the modern biometric interest in relative 
variability. 

John de Dondis in his De Fontibus speaks 
of having been in medical attendance on 
**Galeacii Vicecomitis Mediolani et comi- 
tis virtutum filius praeclarae indolis.”’ 
Thorndike renders this as ‘‘the son of 
Galeazzo Visconti, count of Vertus.”’ 
But is ‘‘virtutum’’ the name of a place? 
Is not the meaning of the passage some- 
what as follows: the son of Galeazzo 
Visconti, of Milano, count of illustrious 


spirit and valor? 


Lz Novuvet Esprit ScientTIFIQuE. 

By Gaston Bachelard. Félix Alcan, Paris. 
10 francs. 7% x 43; 180; 1934 (paper). 
According to Professor Bachelard the 
newer advances of science have been made, 
not by the refinement of older theories 
through a process of successive approxima- 
tion, at by a critical examination of the 
basal postulates of the older theories. 
Thus Lobatchewsky, exploring the results 
of a denial of the postulate of parallels, 
was led to the development of a non- 
Euclidian geometry, which includes Eu- 
clidian geometry as a special case. Thus 
Einstein, starting from a critical examina- 
tion of the supposedly primitive idea of 
simultaneity, arrived at a non-Newtonian 
mechanics, which again includes New- 
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tonian mechanics as a special case. Wave 
mechanics and the theory of quanta are 
further examples of the same process, 
which Bachelard regards as the develop- 
ment of a non-Cartesian epistemology. 
In place of the criteria of simplicity and 
clarity by which Descartes tested the 
ideas which were to serve as foundation 
to the edifice of the sciences Bachelard 
would substitute the criterion of com- 
pleteness. He is moreover well aware 
that as the structure grows it may be 
necessary to take out the old corner stone 
and replace it with a new one. This 
stimulating book recalls an idea that Merz 
developed a number of years ago in his 
History of European Thought, that — 
and subsequent synthesis carry one on rf a 
certain distance in his quest for under- 
standing, that they need to be supple- 
mented by a synoptic method which re- 
gards phenomena in their relations with 
other phenomena. 


GRAVITATION, SPACE-TIME AND MatTrer. 
A Study of the Relation of Gravitation to the 
Flow of Time; the Atomic Organization of 
Space-Time; the 126 Isotopoids of Hydrogen; 
and the Photonic Nature of the Atoms. 
By Albert P. Mathews. Albert P. Math- 
ews, University of Cincinnati. 9% x 64; 
103; 1934 (paper). 
The author has attempted here to build 
upon the more recent discoveries in the- 
oretical physics a new philosophical sys- 
tem. The results of his discussion can be 
summarized as follows: 


Light = Matter = Electricity = Ether = Space- 
time = Life. 

Everything is constituted of Life, another name 
for reality. For it is Life which appears in these 
various external guises of activity and passivity; 
of becoming and Fring: and which appears also in 
the internal guise of mind. 

There are obviously two kinds of space-time; two 
kinds of Life: Material and immaterial; created and 
uncreated; mortal and immortal. 

The whole of space-time, both material and imma- 
terial, created and uncreated, in its objective aspect 
of activity, i.c., its aspect of discontinuity, has an 
atomic structure. It presents itself to us as an im- 
mense swarm of Living Units or organisms. These 
are the di-poles; the created and uncreated hydrogen 
atoms; the created and uncreated photons. For if 
the material be considered to be granular, as it must 
be considered in its activity aspects, then the imma- 
terial or uncreated must also be so considered. If we 
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are living individuals, the immaterial must also be 
constituted of immaterial living individuals. 


% 


Lions Starve 1N Naptes. 
By Johan Fabricius. Translated from the 
German by Phyllis and Trevor Blewitt. 
Little, Brown and Co., Boston. $2.00. 
74 X 5; 3115 1935. sn : 
This tale of the spiritual and material 
development of that talented young Nea- 
litan lawyer Ramboldo Fittipaldi, as 
torm's Circus got deeper and deeper into 
difficulties because of the depression and a 
terribly cold winter, is delightful. No 
biologist could possibly resist its charm 
—nor, for that matter, anybody else so 
far as we can see. Its relation to biology 
is indirect; perhaps a pedant might even 
say remote. But this is really not so. 
To the human — it is a superb docu- 
ment. It gives such a picture of Neapoli- 
tan character as has never been put on 
paper before. Our advice to all and 
sundry is to buy, beg, borrow or steal 
it at once, and settle down to some hours 
of unadulterated enjoyment. 


B 


Dictionary oF ForeiGn Terms Found in 
English and American Writings of Yesterday 
a Today. 
By C. O. Sylvester Mawson. Thomas Y. 
Crowell Co., New York. $2.00. 7% x §; 
x + 389; 1934. ae ; 
This extremely useful dictionary contains 
a variety of foreign expressions which one 
finds more or less frequently in literature, 
periodicals and the daily press. Included 
in the contents are (1) foreign words and 
hrases from more than fifty languages, 
3 proverbs, (3) mottoes, (4) quotations, 
(5) French and Spanish Americanisms, 
(6) Orientalisms, (7) naval and military 
terms, (8) menu terms, (9) translations or 
definitions of all foreign terms, (10) 
plurals, (11) feminines of foreign nouns 
and adjectives, and (12) foreign abbre- 


viations. 
METAMORPHOSES. 


Drawings left by Dr. Marianne van Her- 
werden. Job. Enschedé en Zonen, Haarlem. 
2.25 guilders. 8} x 5}; 76; 1934. 
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While we had known and admired for 
many years the late Dr. Marianne van 
Herwerden, we were not aware of her 
talents as an imaginative artist and 
humorist until this charming little post- 
humous volume came to hand. The in- 
troduction explains its provenance. 


Fe. 262. Querdurchschnitt einer Schneckenwindung: vom Meer- 
weinchen. 
Townr, C. Lehrbuch der Gewcbelehre (1883) 


Dr. Marianne van Herwerden, a well-known 
Cytologist and Geneticist has left a number of draw- 
ings, some of which are published in this booklet. 

It was only in the later years of her life that she 
took up this playing with lines and forms. As a 
tule she made these drawings late in the evening 
after a day of strenuous brain work. Then she gave 
her sense of humour and exquisite wit free scope and 
then the figures out of scientific works reappeared in 
anew shape. In making these drawings no publica- 
tion was aimed at. Even by careful research it has 
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not been possible to identify all of the drawings; so 
some of them have been taken up without any 
corresponding scientific figure. 

Limitations of space and technique pre- 
vent the presentation here of adequate 


examples of the delightfully fantastic 
bits of wit that fill the book. Many 


of the drawings are in color. However, 
we do like the one here reproduced that 
falls within our limitations. 

All biologists owe a debt of gratitude to 
Dr. Marie Léhnis for collecting the 
drawings and seeing through the press 
this charming memorial of a distinguished 
cytologist and geneticist. 





